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HE relative frequency and the manifest gravity of chest wounds 


emphasize their significance among war injuries and focus attention | 


upon this aspect of war surgery. Indeed, thoracic surgery today owes 
much of its advanced state to the great impetus given it by experience 
gained during World War I. At the onset of World War I, thoracic 
surgery lagged far behind other fields of surgical endeavor, and the 
fear and hesitancy of entering the chest acted as an effective barrier 
to the application of surgical principles that had become generally ac- 
cepted for wounds in other regions of the body. This barrier was fur- 
ther strengthened by the conservative views acquired in the South 
African War”? which unfortunately were based upon injuries of a much 
less severe nature and, therefore, ill adapted to those encountered in 
France. The high morbidity and mortality finally foreed a breakdown 
of these barriers and compelled a bolder approach to the problems 
which placed thoracic surgery on an entirely different plane of thought. 
This eventually led to a better understanding and fuller knowledge of 


the principles involved in the management of these cases so that, by the — 


end of the war, the policies governing the surgical treatment of wounds 
of the chest had a more rational basis. It is an interesting observation 
that many of the methods and procedures finally adopted at the close of 
the last war ‘‘had been attempted by surgeons in bygone wars.’’* Learn- 
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ing by immediate and often sad experience would seem to be not an un- 
common human failing, for again in this war as will be shown, there has 
been some evident disregard of the experience gained and lessons learned 
in the last war. Although opinion now appears firm on some points 
and perhaps less definite on others, .it seems reasonable to state that as 
the war progresses and greater experience accumulates, there will be a 
recasting of some of these concepts. 

In this report, an effort is made to present as accurately as possible 
on the basis of available data certain information on incidence, mor- 
tality, and types of war wounds of the chest occurring in the American 
Forces, and a brief consideration of only the important features of 
thoracic surgery in theaters of operation as they have appeared thus 
far. Significant comparisons of the data, methods, and views with 
those of previous wars are made wherever it seems pertinent or desir- 
able. The information herein contained has been obtained from all 
sources available to The Surgeon General’s Office including reports 
from consultants, hospitals, field units, and medical officers. © 


INCIDENCE 


Wounds of the chest comprise a significant proportion of war injuries, 
especially if consideration is given to those killed on the battlefield. This 
is clearly demonstrated by the statistical surveys that have been made 
in this and previous wars, although in this regard there is an unfortunate 
deficiency in the analyses of battlefield deaths. In the Danish War of 
1864, Loeffler recorded an incidence of 30 per cent chest wounds among 
387 dead on the battlefield. In the New Zealand War of 1863 to 1865, 
Mouat observed that chest wounds involved approximately one-half the 
eases in 118 soldiers killed on the battlefield. In the Américan Civil 
War,”® it was found that 51.4 per cent of 1,173 battlefield deaths were 
due to trunk wounds and it is reasonable to assume that the greatest pro- 
portion of these involved the chest. In the World War of 1914 to 1918, 
Sauerbruch stated that of 300 dead soldiers on the battlefield which he 
examined, 37 per cent showed wounds of the chest (Table I). It is 


TABLE I 


INCIDENCE OF CHEST WouNDS AMONG THOSE KILLED IN ACTION IN VARIOUS WARS 


seal TOTAL NO. CHEST WOUNDS 
WOUNDS NUMBER PER CENT 
Danish (1864) 19 387 117 30.2 
New Zealand (1863-65) 26 118 59 50 
American Civil (1861-65) 28 1,173 603* 51.4 
World War I (1914-18) 32 300 111 37.0 
World War II 27 


*Recorded as the trunk. 


regrettable that in World War I no figures on this point were col- 
lected either in the British or our service. An effort has been made to 
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correct this deficiency in the present war, and preliminary reports show 
an incidence of about 27 per cent. From these fragmentary observations, 
it would appear that the chest is. involved in approximately one-fourth 
to one-third of the total killed, which is roughly in accord with the ex- 
pected mortality on the basis of distribution of hits in vital areas. This 
is supported, interestingly enough, by certain observation’ of Longmore 
and statistical data on combat wounds in the American Civil War’ 
which even to this day are the best available for this purpose. Long- 
more, in an effort to estimate the relative amounts of superficial area 
presented by the principal divisions of the human body, gave as the 
mean of these measurements the following*percentage of the whole target 
area of the body: head, face, and neck, 8.51 per cent; trunk, 28.91 per 
cent; upper extremity, 21.14 per cent; and lower extremity, 41.41 per 
cent. Let us now assume that these figures represent the likelihood of 
hits on the basis of body area distribution and then compare them with 
the figures obtained from the results of battle. Obviously, this must 
include the killed as well as the wounded. For this purpose, the statistics 
of the American Civil War provide the most useful data. In this con- 
flict, it was found that the percentage of regional involvement in 1,173 
soldiers killed on the battlefield was as follows: head and neck, 41.7 per 
cent; trunk, 51.4 per cent; upper extremity, 2.5 per cent; and lower ex- 
tremity, 4.4 per cent. By projecting these percentages to the total 
(44,238) killed on the battlefield and adding to these respective figures 
the numbers of wounded according to these regions of involvement, ' >ve 
is obtained thé following total number of ‘‘hits’’ in each of these areas 
of the body: head and neck, 44,767 (15.44 per cent); trunk, 67,925 
(23.42 per cent); upper extremity, 88,924 (30.66 per cent) ; lower ex- 
tremity, 88,412 (30.48 per cent) (Table II). It will be readily observed 


TABLE II 


COMPARISON OF REGIONAL DISTRIBUTION OF WOUNDS AND Bopy SuRFACE AREAS 


PER CENT OF BODY 
pental PER CENT OF WOUNDS28 | SURFACE AREA 
WOUNDED K.LA. TOTAL | LONGMORE | BERKOW* 
Head, face, & neck | 10.77 41.5 15.44 8.51 6.2 
Trunk 5141 | 23.41 28.91 35.8 
Upper Extremity 35.71 2.56 30.65 21.14 , 18.9 
Lower Extremity 35.15 4.52 | 30.47 41.41 38.6 


*On the assumption that burns of the trunk were more severe, Berkow re-estimated 
these figures by adding the sum of digits to the right of the decimal points to the 
figure for the trunk and thus obtained the following*round numbers: Head and face, 
6 per cent; trunk (including neck), 38 per cent; upper extremity, 18 per cent; and 
lower extremity, 38 per cent. Berkow’s figures would more closely approximate those 
of Longmore if the former had not included the neck in the trunk. 


that these figures correspond fairly closely with those previously esti- 
mated by Longmore on the basis of body distribution and would seem 
to emphasize this as perhaps the most important factor in governing the 
incidence of regional body injury in combat. Obviously, exposure of 
these regions differs under varying conditions and types of combat, 
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and the relative degrees of protection afforded to certain regions of the 
body by position, terrain, wearing apparel, and other means of protec- 
tion such as foxholes and trenches are also important factors in affect- 
ing the incidences of regional involvement. Indeed, these are perhaps 
the most important factors in accounting for the differences between 
the actual and-the expected distributions of body involvement. 

From this brief résumé of incidence, it is, therefore, evident that 
chest wounds comprise a significant portion of battle injuries, com- 
prising about one-fourth to one-third of the casualties. The high pro- 
portion of these that result in death on the battlefield, however, re- 
duces considerably their relative incidence among the wounded that 
survive admission to medical units. This is clearly reflected by the 
statistics that have been compiled in a number of wars (Table ITI). 


TaBLE III 

: INCIDENCE OF CHEST WOUNDS IN VARIOUS WARS 

a TOTAL NO. CHEST WOUNDS 

4 WOUNDS NUMBERS PERCENTAGE 

Danish (1855, 34 1,210 97 8.01 

Crimean (1854-56) 

a British28 10,279 627 6.1 

French5 34,306 2,818 8.2 

Italian (1859) 6, 17,095 1,275 7.4 

5 14,518 1,052 7.2 

q New Zealand (1863-64) 26 463 38 8.2 

4 Danish (1864)19 3,171 250 7.9 

American Civil (1861-65) 28 253,142 20,607 8.1 

q Franco-German (1870) 1 4,344 361 8.3 

: World War I (1914-18) 

4 British14 206,976 7,818 3.8 

i American?4, 31 174,296 4,595 2.6-5.6* 

French13 9.6 

q German13 6.2 

‘ Sino-Japanese (1937) 30 1,186 115 9.7 

Spanish Civil3¢é 9,850 12.1 

World War II 

Russian18 8.2 

American 8.4 


*See footnote to text. 


It may be observed from Table III that, in the various wars from 1855 
to 1870, chest wounds constituted from 6 to 8 per cent of the total 
wounded, that is, those that survived admission to medical units. Dur- 
ing World War I (1914 to 1918), however, there was a noteworthy 
drop in this incidence (2.6* to 3.8 per cent). This significant reduc- 
tion is difficult to explain although it may possibly be due to the fact 
that there was a sixfold increase in the more destructive types of 
military agents in World War I as compared with previous wars. 


*In an earlier publication of the c&sualty statistics for the American Forces during 
World War I, this figure appeared as 5.6 per cent. Colonel Love, who prepared 
these statistics and was consulted regarding this discrepancy, expressed the opinion 
that it was due probably to the erroneous assignment in the later analysis of wounds 
near the shoulder girdle to the category of upper extremities. This is supported by 
the fact that the incidence of upper extremity wounds was higher in the later analysis 


than that in the earlier one. 
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Accordingly, the greater lethality of such wounds, especially for the 
chest, would tend to increase their ratio in battlefield deaths and re- 
duce it among those surviving admission. This explanation is not 
entirely acceptable, however, in view of the fact that the incidences 
of chest wounds in World War I among the French and German 
forces'® were 9.6 and 6.2 per cent, respectively, more nearly approach- 
ing those reported for previous wars. Since it may be assumed that 
the factors affecting the frequency and lethality of chest wounds 
among the British and American forces on the one hand, and the . 
French and German forces on the other, are equal, the contrasting in- 
cidences of chest wounds as reported for these two respective groups 
seem to lose their apparent significance. Indeed, the impelling sug- 
gestion is that the columns in the chart representing incidence of chest 
wounds in the various wars should be of equal height. (Fig. 1.) This 
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Fig. 1.—Incidence of chest wounds in various wars. 


is supported further by the incidence of chest wounds in the present 
conflict. On the basis of a statistical analysis of about 20,000 Ameri- 
can wounded, it has been found that chest wounds comprise a little 
over 8 per cent of the cases, which is almost identical with the figure 
recently reported by the Russians’* for their experience in this war. 
Thus, despite the fact that the effectiveness and wounding potentiality 
of offensive weapons have consistently increased in successive wars 
during the past century, the incidence of chest wounds, at least, among 
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the wounded surviving admission to medical units, has remained about. 
the same. The suggestion is compelling that, aside from the obvious 
vulnerability of certain body regions, the most important single factor 
governing incidence of regional wounds is body distribution. 


In summarizing the incidence of chest wounds in warfare, it may be 
stated that they occur in a ratio of about one to four among those 
killed on the battlefield and about one to twelve among the wounded. 


CHARACTER OF WOUNDS 


The .character of the injury in chest wounds is an important con- 
sideration since it bears a significant relationship to treatment, mor- 
bidity, and mortality. The nature of the wound depends to a great 
extent upon the type of missile producing it. Thus, bullets, especially 
the small caliber, high velocity type, are most likely to produce sharply 
localized penetrating wounds or simple through-and-through wounds 
with a small puncture-like point of entry and a somewhat larger exit 
wound. Except in the occasional case in which the bullet strikes at 
that period in its trajectory characterized by an exaggerated wobble 
around its axis or when it strikes a rib causing severe comminution, 
bullet wounds are associated with little contamination and with min- 
imal tissue damage and cardiorespiratory disturbances. They are, 
therefore, less likely to develop serious infection or to require exten- _ 
sive surgical intervention. In fact, many of these simple penetrating 
wounds need little more than a sterile dressing, supportive measure, 
and conservative management. On the other hand, fragments of high 
explosive shells, bombs, mines, ete., characterized by irregularity in 
shape, variability in size, and no perforating spin but higher velocity 
tend to cause greater destruction of tissue, to carry in fragments of 
bone, bits of clothing and other foreign body contaminants, and to be 
often retained. The wound in the chest wall is more likely to be 
larger, resulting in open pneumothorax, and multiple injuries are more 
frequent. Consequent hemorrhage, shock, and ecardiorespiratory dis- 
turbances are more common and severe, and foreign body retention 
and contamination with bits of clothing, dirt, and debris increase the 
incidence of infection. For these reasons, operative intervention is 
more frequently necessary and usually indicated earlier. The diffi- 
culties in the management of these types of wounds as well as the 
mortality and morbidity are increased. 

The significance of these contrasting types of missiles and the in- 
juries they produce is shown in their respective mortality rates. Thus, 
in World War I, in the American forces, among 20,662 wounds pro- 
duced by rifle and pistol] balls and involving all regions of the body, 
the case fatality rate was 4.7 per cent, whereas in 52,106 wounds pro- 
duced by shell, shrapnel, and grenade, the mortality was 7.2 per cent.” 
Even more striking is the mortality rate for penetrating wounds of 
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the chest which was 31.9 per cent for those produced by rifle ball and 
46.6 per cent for those caused by shell and shrapnel. Gask and Wilkin- 
son, in an analysis of chest wound cases at a British casualty clearing 
station, found the mortality to be 10.8 per cent in 74 cases of bullet 
wounds and 22.7 per cent in 216 cases of shell and shrapnel wounds. 
The relationship of these missiles and the type of wounds they produce 
to the development of infection is demonstrated by Elliott’s study of 
453 cases from the Boulogne base in the autumn of 1918. In this study, 
it was observed that sepsis developed in 7.9 per cent of the chest wound. 
cases produced by bullets and 15.6 per cent of those produced by shell. 
That shell, bomb, and mine fragments are retained far more frequently — 
than bullets is shown by the recent report of Nicholson and Seadding 
who found that, in a series of 290 cases of penetrating wounds of the 
chest, the foreign body was retained in.91 per cent of those produced 
by the former type of missile and, in only 30.6 per cent of those caused 
by the latter. 
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Fig. 2.—Percentage of wounds according to causative agents in various wars. World 
War II experience is for American Army. ; 


The increasing tendency to employ military agents with greater de- 
structive effects is shown by an analysis of the causative agents of 
wounds since the American Civil War (Table 1V and Fig. 2). It may 
be observed from Table IV that in the American Civil War, of every 
ten wounds, approximately nine were due to bullets and one to high 
explosive fragments; in World War I, this ratio was about three 
bullet wounds to seven high exposive, and in this war, it is about 
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TABLE IV 
PERCENTAGE OF WOUNDS ACCORDING TO CAUSATIVE AGENTS IN VARIOUS WARS 
HIGH EXPLOSIVE 
FRAGMENTS* 
dass ALL CHEST ALL CHEST 
WOUNDS WOUNDS WOUNDS WOUNDS 
American Civil (1861-65) 28 90.10 87.4 9.80 12.5 
World War I (1914-18) 
British14 38.98 28.6 60.70 71.3 
American24 28.06 35.3 71.62 64.6 
World War II 
. Russian18, 35 20.00 31.6 80.00 68.4 
American 19.50 80.40 


*Grenades, bombs, flak, artillery, mortar, mines. 


two bullet wounds to eight high explosive wounds. Thus, the ratio in 
the Civil War has been almost reversed in this war. This will give 
some idea of the more severe nature of the wounds occurring in this 
war. Moreover, it is reflected in the type of chest wounds that are 
now being observed. Only a small proportion of chest wounds are 
produced by bullets as is shown by Nicholson and Seadding’s recent 
analysis of 290 cases in the African campaign in which bullet wounds 
comprised only 25.8 per cent whereas high explosive wounds accounted 
for 72.7 per cent. Similarly, Todua, reporting his experience on the 
Russian front, found that these corresponding figures were 31.6 and 
68.4 per cent. It would appear that chest wall defects are more com- 
monly observed in this war and preliminary reports indicate that 
‘‘sucking’’ wounds oceur in about one-fifth of the cases. Retained 
foreign bodies are also common and only a little over one-tenth of 
these are bullets, the remainder being fragments of high explosives. 
A high proportion of the penetrating wounds are associated with hemo- 
thorax, and pulmonary contusions without hemothorax are not infre- 
quent. Combined thoraco-abdominal wounds occur in about one-tenth 
of the cases. 

A comparison of penetrating and nonpenetrating chest wounds as 
observed in previous wars shows the latter to be slightly more frequent 
(Table V and Fig. 3). Our present experience reveals a reversal of 


TABLE V 


COMPARATIVE INCIDENCE OF PENETRATING AND NONPENETRATING 
CHEest WOUNDS IN VARIOUS WARS 


Crimean (1854-56)5 1,159 42.3 57.6 
American Civil (1861-65) 28 20,607 40.8 59.1 
World War I (1914-18) 24 4,595 37.5 62.4 
World War II 

Russian29 52.6 47.4 

American 57.7 42.4 
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TABLE VI 


RELATIVE INCIDENCE OF PENETRATING AND NONPENETRATING WOUNDS TREATED BY 
Various MEpDIcAL UNITS (RUSSIAN EXPERIENCE) 16, 29, 35 


LEVEL OF MEDICAL CARE 


FIRST ECHELON SECOND ECHELON 
Penetrating - 48.0 61.9 52.6 
Nonpenetrating 52.0 38.1 47.4 


this ratio which, at first, would appear to be attributable to the greater 
use of higher velocity missiles in this war. This line of reasoning, 
however, is not supported by a comparison of the experience in World 
War I with that of previous wars. Moreover, as shown in Table VI, 
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Fig. 3.—Comparative incidence of penetrating and nonpenetrating chest wounds in 
: various wars. 


the reports of the Russian experience in this war indicate a tendency 
for the proportion of penetrating wounds to increase with successive 
recession from the front line. This is in keeping with the expectation 
that many nonpenetrating wounds can be treated adequately and the 
patients returned to duty at more forward medical echelons, whereas 
those with penetrating wounds will require longer treatment and are 
more likely to reach the base hospitals. Accordingly, the relative inci- 
dences of these types of chest wounds may vary depending upon the 
level at which the analyses are made. Our estimates, admittedly pre- 
liminary, are based upon total hospital admissions and show a slightly 
higher proportion of the penetrating type. Popovyan, in his recent 
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report of Russian experience in an entire army for an unspecified 
period, also observed a slightly higher incidence of penetrating wounds. 


NONPENETRATING CHEST WOUNDS 


The simplest forms of nonpenetrating chest wounds are those-which 
involve the thoracic wall and produce no visceral injury. Those lesions 
involving only the soft parts of the chest wall, such as contusions, 
abrasions, and lacerations, are of little or no consequence. On the 
other hand, those associated with rib fracture can be serious. Compli- 
cations such as tension pneumothorax, hemothorax, or emphysema 
which may result from penetration of broken rib fragments are usu- 
ally of much greater significance than the chest wall lesion. Rib frac- 
tures associated with these complications are more common than simple 
rib fracture in war wounds. The treatment of these complications 
frequently becomes the major consideration and is similar to that to 
be discussed under these respective subjects. In simple rib fracture, 
immobilization of the chest wall on the affected side has been the time- 
honored method. This may be done either by adhesive strapping well 
beyond the midline anteriorly and posteriorly or as emphasized by 
Blades by placing the strapping completely around the lower chest 
wall. Recent reports indicate that infiltration of the intercostal nerves 
with procaine hydrochloride solution is an especially useful and effec- 
tive procedure in the treatment of simple as well as compound rib 
fractures. Latteri, in 1933, suggested this method of treatment using 
alcohol and it has been favorably recommended by other Italian sur- 
geons in this war. The advantages of this procedure of intercostal 
block lies in its simplicity of performance and in the quick relief of 
pain and respiratory distress afforded the patient. It has been sug- 
gested that, because the patient is able to cough more effectively, the 
respiratory passages are more rapidly cleared of blood and secretions, 
thereby avoiding subsequent pulmonary complications. The procedure 
has also been found useful in ‘‘stove-in-chest’’ and in other chest 
injuries in which pain of the chest wall is an important factor. In 
‘“stove-in-chest’’ immediate immobilization of the chest wall is essen- 
tial, however, in order to stop paradoxical movement of the affected 
part during respiration. 


Visceral lesions in nonpenetrating chest wounds are usually associ- 
ated with some parietal involvement such as severe contusions or frac- 
ture of the ribs or sternum and are most commonly due to severe 
compression or crushing injuries. In some instances, however, damage 
to intrathoracic structures may occur in the absence of demonstrable 
evidence of chest wall lesions, such as in blast injury. These forms of 
chest wounds vary considerably in character and extent and although 
they may become serious, especially if complications ensue, in the 
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majority of cases they are relatively mild and the patients progress 
satisfactorily under conservative treatment. Simple contusions of the 
pleura and lung rarely require more than rest and symptomatic relief. 
The more severe forms of contusions involving the lung with the pro- 
duction of so-called contusion pneumonia may be serious and are not 
uncommon both in penetrating and nonpenetrating types of chest 
wounds. This condition has been discussed in greater detail elsewhere’ 
and only the salient features will be considered here. The pathologic 
lesion varies with the degree of trauma and consists of pulmonary . 
hemorrhage, either subpleural in the simpler forms or more central 
and extensive in severer injuries. The severer forms may also show 
varying degrees of rupture of the Jung, while in others massive col- 
lapse may occur. Hemothorax and pneumothorax are complications 
which may also be present. Late complications depend upon the develop- 
ment of infection and include lung abscess, pneumonia, and empyema. 
In the immediate management of these cases, consideration must be 
given first to combating shock, second, to the correction of disturbances 
in cardiorespiratory physiology resulting from the development of 
such complications as hemothorax, pneumothorax, and emphysema, and 
third, to the prevention and treatment of infection. 


Blast injury to the lungs is another form of nonpenetrating chest 
injury and occurs in individuals exposed to the detonation of a high 
explosive such as a bomb, with the production of characteristic clinical 
manifestations and pathologic lesions in the lung.’ While the condi- 
tion occurred in the last war, its specific recognition and greater fre- 
quency in this war have given it new and increasing significance. How- 
ever, it is observed in only about 2 to 3 per cent of hospital admissions 
for chest wounds. On the basis of extensive clinical and experimental 
studies, it is now believed that the mechanism of injury consists in the 
impact of the pressure wave on the chest wall. The essential pathologic 
lesion is intrapulmonary capillary hemorrhage which varies in extent, 
depending upon the degree of trauma, from small eechymotie areas on 
the lung surface to such extensive involvement that the lung may 
appear ‘‘hepatized.’’ Microscopic studies of these hemorrhagic lesions 
show blood filling the alveoli and small bronchioles with disruption of 
the alveolar wall and capillaries as well as interstitial hemorrhages. 
Clinical manifestations consist of cough, hemoptysis, fullness of the 
chest, impaired resonance and, in some, signs indicating consolidation. 
The early clinical picture is dominated by anoxia. Few patients show 
injury due to the direct effects of blast alone since burns and asso- 
ciated wounds and fractures produced by missiles, flying debris, and 
violent falls are not uncommon. Treatment in uncomplicated blast 
injuries of the lungs consists essentially of rest, supportive measures, 
administration of oxygen, and chemotherapy. Because of the intra- 
pulmonary hemorrhages and the possibility of furthering this bleeding 
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by the usual procedures of resuscitation, great care must be exercised 
in applying these therapeutic measures. For this reason, the Schaefer 
method of artificial respiration for asphyxia is probably undesirable. 
Transfusion of whole blood plasma, or other fluids, may be better with- 
held in the early stages because of the risk of inducing pulmonary 
edema. Treatment should be directed much along the lines of pneu- 
monia. Associated injuries such as fractures, burns, and soft-part 
wounds require appropriate therapy but the pulmonary lesions must 
be kept in mind and methods employed which will not aggravate this 
condition. 
PENETRATING WOUNDS 

Hemothorax.—Since hemothorax of demonstrable size occurs in a 
high proportion of battle casualties with penetrating wounds of the 
thorax, its proper management is of considerable importance. The ex- 
treme conservatism which has been engendered by the experience in 
civilian life with this condition has proved to have little or. no place 
in military surgery, and in the management of battle casualties the 
conservative attitude has been abandoned. Civilian experience indi- 
cates that only about 30 per cent of penetrating wounds give evidence 
of hemothorax and that from 1 to 2 per cent of those with hemothorax 
become infected, whereas in the ease of battle casualties hemothorax 
occurs in about 75 per cent, and from 25 to 30 per cent of such cases 
are complicated by infection.*. Danger of recurrence of bleeding has 
been given as the principal reason for delay in the aspiration of blood 
from the pleural cavity. However, surgeons in this war have found 
that this is not the case and that it is the exception for bleeding to 
recur following aspiration. It has been maintained, and with good 
reason, that bleeding from the lung, once it has ceased, is not apt to 
begin afresh, and that the bleeding from an intercostal or internal 
mammary artery cannot be prevented by leaving blood in the pleural 
cavity. In this war, early aspiration has become the procedure of 
choice and has the following advantages: (1) it relieves high intra- 
pleural pressure; (2) it removes an excellent culture medium for bae- 
terial growth; (3) it aids in early expansion of the lung—a definite 
advantage in limiting the area of empyema if infection occurs; (4) it 
decreases the incidence of massive clotting; and, (5) it prevents the 
late fixation and contraction of the thorax. 

The consultant in surgery in North Africa has recently stated, ‘‘No 
hesitation need be felt about aspirating a hemothorax during the first 
twenty-four hours although usually it may be postponed until the 
following day. Withdrawal of air with or without blood and fluid may 
relieve dyspnea and favor re-expansion of the lung.’’ 

Aspiration, followed by air replacement, in the treatment of hemo- 
thorax was introduced in World War I by Morelli although the pro- 
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cedure of injecting air was suggested by Chassaignae in 1835. Appar- 
ently, this method was popular only in the Italian Service and did not 
gain wide adoption probably because, in the latter part of that war, 
there was a definite trend among the French and American surgeons 
toward more radical intervention. In the light of present experience, 
the severe criticism of this method by Colonel Yates, who was in 
charge of the American Medical Unit detailed to the study and treat- 
ment of thoracic injuries during World War I, is of interest. At the 


onset of the current war, the procedure of aspiration and air replace- — 


ment was receiving favorable consideration, especially by the British.’ 
As more experience has been gained, however, there has been a definite 
trend toward the abandonment of tatal air replacement following aspi- 
ration for hemothorax; in fact, its use is now strongly condemned by 
many thoracic surgeons who have treated a considerable number of 
battle casualties. Two main objections to its use have been raised: 


1. It is not necessary since, as has been noted, bleeding has been 
found to recur rarely from lung tissue, and it does not prevent 
bleeding that is coming from the chest wall. 

2. If infection occurs (25 to 33 per cent), the resulting empyema 
becomes complete in contrast to a partial one where some portion 
of the lung, usually the upper lobes, has expanded and adhered 
to the chest wall. 


It is estimated on available data that, in this war, massive clotting 
of blood in the pleural cavity has occurred in about 4 to 6 per cent of 
cases with hemothorax. The mechanism responsible for this phenome- 
non is not entirely clear. The factors mentioned as contributing to its 
occurrence are rapid bleeding, delay in aspiration, extensive chest wall 
and lung damage, and nonsuppurative infection. Its presence should 
be suspected when clinical findings persist after only small amounts of 
blood ean be withdrawn and serial roentgenograms show no improve- 
ment during the fourth to sixth week after injury. These clots, as well 
as the dense layer of fibrin over the lung, should be removed by opera- 
tion, followed by complete closure of the wound and water-seal drain- 
age. Since it is common to find that a considerable amount of fibrin 
settles out into the lowermost portions of the chest, attempts at aspi- 
ration of hemothorax should not be done too low in the thorax. 
Aspirations are repeated daily or every other day until the pleura is dry. 
xe Open Pneumothorax.—Open pneumothorax and sucking wounds have 
been relatively common which, as previously indicated, is probably due 
to the greater frequency of high explosive fragments. Owing to the 
emphasis placed on the dictum, ‘‘close all sucking wounds promptly,’’ 
many attempts were made early in the war to close these wounds hastily 
by suture as soon as the casualty reached the most forward medical 
installation. It was quickly learned that such wounds should not be 
closed tightly unless ample facilities were at hand to permit an accurate 
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débridement and a careful closure. When closure without proper dé- 
bridement was performed, one or all of several complications occurred 
frequently; that is, (1) tension pneumothorax, (2) extensive subcuta- 
neous emphysema, or (3) infection of the wound with disruption result- 
ing in a sucking wound surrounded by tissues which could no longer be 
approximated. It is now the practice in emergency military surgery to 
trim these wounds of devitalized and soiled soft tissue and bone frag- 
ments, to look for and control bleeding from the intercostal artery, and 
to make them airtight by molded pads of gauze or petrolatum gauze 
strapped securely in place by overlapping layers of adhesive plaster. 
This provides adequate emergency closure and permits air to escape if 
tension develops. In the case of large wounds, the petrolatum gauze 
packs are held in place by coarse sutures passed through the skin edges 
and tied over the pads. It is interesting that bleeding from an inter- 
costal artery is mentioned by two medical officers with wide experience 
in thoracic wounds, as being very rarely observed. It is rare for pa- 
tients treated in this way to develop tension pneumothorax and they 
reach a hospital, where definitive treatment can be given, with their 
wounds in such condition that they can be more carefully débrided and 
closed completely or be left open with a loose pack in the superficial 
portions after the muscular layers have been closed in airtight fashion. 
Where muscle closure is not possible, the lung should be brought into 
the wound and sutured to the edges. It has been considered advisable 
to drain all such wounds with a catheter and water seal or flutter valve. 

Tension Pneumothorax.—Tension pneumothorax has occurred more 
frequently as a postoperative complication, especially following emer- 
gency suture closure of a sucking wound in the more forward areas, than 
it has as a complication of penetrating wounds alone. It has proved to 
be a constant threat in war wounds of the lung where a missile may so 
easily open a bronchus or produce a valvelike laceration in the lung 
tissue. Its treatment is simple and its recognition easy if the possibility 
of its presence is considered. It is to combat its dangers, in addition to 
the purpose of maintaining a pleural cavity empty of blood, serum, or 
products of infection, that catheter with flutter valve or water-seal drain- 
age has been so freely used. 

Foreign Bodies——Various factors must be taken into account in the 
proper management of cases with retained foreign bodies. It has been 
recognized that the lung and pleura tolerate metallic foreign bodies well 
and that many of them are sterile, but such material as clothing, rib 
fragments, and rubble frequently is responsible for infection. The 
latter must always be removed; the former, if small (1 by 2 em.) ean 
be left alone unless near a large vessel, the heart, or the esophagus. If 
foreign bodies near these structures are left until complications have 
oceurred, their removal becomes much more hazardous. The majority 
of foreign bodies are in the periphery of the lung where they are 
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readily accessible for a one- or two-stage removal depending on the 
chances of infection following operation. 

The proper timing of operations for removal of foreign bodies has 
been strongly emphasized. From one to three days following injury, 
initial surgery should be limited to débridement of the wound in the 
chest wall, removal of readily accessible foreign bodies in the pleura 
or on the surface of the lung, and closure of the chest wall either com- 
plete or leaving the subeutaneous tissue and skin open. Thoracotomy 


for the removal of foreign bodies in lung tissue is not indicated at 


this stage. 

It has been considered tar safer to remove a foreign body in the lung 
after equilibrium has been established, which usually oceurs in from 
three to ten days. At this time, with the patient in a hospital toward 
the rear where more detailed study and better preoperative and post- 
operative care can be had, the decision concerning removal of the 
foreign body in the lung can be made. The chances of success are 
far greater under these conditions than after hasty operations per- 
formed before equilibrium was established and detailed pre- and post- 
operative care afforded. The decision concerning removal should be 
based on size and location of the foreign body, on the likelihood of in- 
fection ensuing or being already present, and on the patient’s ability 
to tolerate the operation. Foreign bodies which have been retained 
for from ten days to two weeks without complications are not likely 
to cause trouble immediately; operation on these can be done at any 
convenient time. 

It is interesting to note the trend in the management of chest wounds 
with foreign bodies. Following the experience of the Civil War, it 
was observed that ‘‘sufficient evidence has been accumulated on this 
point to guide the practitioner to the safe middle path between rash 
interference and timid and harmful non-interference.’”® The psycho- 
somatic aspects of the problem were also considered and attention was 
directed to the fact that ‘‘the peace of mind which the extraction of the 
foreign substance invariably induces in the patient is, in itself, a strong 
reason for using every judicious means for their removal.’’** Finally, it 
was concluded that ‘‘a general survey of the long series of cases, while 
leading to the inference that foreign bodies sooner or later produce grave 
accidents, favors a belief in the possibility of recovery with lodgement.’’** 
The experience gained in World War I led to the belief that retained 
foreign bodies of small size, that is, not exceeding about 2 em. in diam- 
‘eter, should be left alone and that operation was indicated only in large 
foreign bodies. The British observéd that ‘‘rifle bullets and small pieces 
of shell retained in the lung or pleural cavity in noninfected eases rarely 
caused any disability, and their presence did not delay the return of a 
soldier to full duty. Therefore, they should he left alone, unless they 
give rise to a continuance of such symptoms as pain, cough, dyspnea, 
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expectoration, or even haemoptysis.’’!* Experience so far in this war sup- 
ports this policy but greater emphasis is placed upon the judicious 
timing of the operation as mentioned previously. It will be interesting 
to observe whether this policy will be confirmed by greater experience 
and longer follow-up studies or whether it will be changed to conform 
more closely with the opinion expressed by Turner who, after four years’ 
experience in World War I, stated, ‘‘I am more and more impressed 
with the general truth of the proposition that sooner or later a foreign 
body, wherever situated, tends to give rise to trouble.’’ 


Empyema.—The incidence of infection in penetrating wounds of the 
thorax in war is in marked contrast to that in civilian life. In World 
War I, the incidence of infection was about 25 to 30 per cent,’ and 
though no accurate figures are available at this time for all the American 
casualties, in a recent British report?” on 187 cases of hemothorax oc- 
curring during the Middle East campaign, infection was observed in 62 
cases, an incidence of about 33 per cent. In civilian life, the incidence 
of infection is in the neighborhood of 2 per cent.’ The difference between 
the incidence of infection in these two groups of eases rests largely on 
the type of agent causing the injury. In civilian life, these agents con- 
sist largely of knives, ice picks, and bullets; whereas in battle casualties 
many wounds are the result of shell fragments of varying sizes which 
not only cause more extensive damage, but are especially liable to carry 
in with them fragments of ribs and pieces of clothing. As has been 
noted previously, the metal foreign bodies, unless large, have been found 
to have little influence on the incidence of infection, but the opposite is 
true of rib fragments and bits of clothing. The simple penetrating 
wounds caused by bullets are as innocuous in war as in peace and figures 
of incidence of infection in each ease parallel each other. 

When infection has occurred, there has been a wide variation in the 
time at which suppuration appeared. The great majority of the infec- 
tions in battle casualties have manifested themselves relatively late, that 
is, four days to two weeks after injury, and a small proportion have 
occurred several weeks later. The liberal use of sulfonamides has been 
considered responsible for this by some observers. There is a rather 
small group of eases, however, in which a fulminating infection appears 
within the first two days and, in these, the pus is stated to be dark brown 
and extremely foul. As is the case with all empyema, early recognition 
and prompt drainage are most important. In all suspected cases, fre- 
quent aspirations with cultures and smears are imperative. Cases of 
empyema resulting from infected hemothorax are notoriously difficult to 
cure and are very prone to chronicity. Moreover, the mortality is high, 
ranging between 30 and 50 per cent in World War I, and it is still 
relatively high in World War II as shown by a recent British report?’ 
in which it was found to be 20 per cent in a series of fifty-two cases of 
empyema resulting from infected hemothorax. The prompt institution 
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of early closed drainage, followed by rib resection and adequate exposure 
of the infected areas has been considered the most efficacious method of AW 
management in these cases. It is hoped that penicillin, used vigorously 
and early, both prophylactically and therapeutically, may do much to 
aid in their management. It has been difficult to evaluate the use of 
sulfonamides in this connection. Thus far in World War II, it has been 
true that there have been fewer cases of chronic empyema received in 
hospitals in this country from overseas theaters than were expected. 

Abdominothoracic Wounds.—According to preliminary reports, com- » 
bined abdominothoracie wounds constitute about 10 per cent of chest 
wounds in World War II, an incidence that does not differ greatly from 
that of World War I. The gravity of these injuries is shown by the fact 
that, in the last war, they were accompanied by a mortality of about 60 
per cent. Reports of a sufficient number of patients in the present 
conflict suffering from this type of injury have not been received to 
enable one to state accurately the mortality rate. Fragmentary reports 
indicate, however, that it is between 25 and 40 per cent. The most perti- 
nent observations that have been made concerning this type of injury are: 

1. X-ray and fluoroscopic examinations of the abdomen must be done 
in all cases of chest wounds since, in a surprising number, the missile 
has been found to have entered the abdomen. 

2. Complete exploration of the abdomen through the diaphragm 
cannot be performed thoroughly and should not be attempted except 
in eases where the path of the missile indicates that all the damage is 
within reach by this approach. 

3. In right-sided injuries, the abdominal damage is usually confined 
to the liver and, in these cases, transdiaphragmatie approach alone is 
more frequently justified. 

4. If the chést wound is sucking, it must be closed after débride- 
ment with as little intrapleural manipulation as possible before lapar- 
otomy is performed. 

5. Shock is profound in these cases and adequate transfusions of 
whole blood (often as much as 1,500 ¢.c.) are imperative. 

6. The chest should be drained by an intercostal catheter with a 
water seal or flutter valve. 


MORTALITY 


War wounds of the chest have always been associated with a relatively . 
high mortality. This is demonstrated by a review of the figures that 
have been recorded for previous wars. It is recognized that these 
figures may not be absolutely comparable since the echelon to which 
they apply, the character of the injury, and other factors affecting the 
mortality rate are not always stated. Nevertheless, they may be re- 
garded as some meastire of the gravity of these injuries as well as the 
efficacy of their treatment. 
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Perhaps the earliest reliable statistics on war wounds of the chest are 
those recorded for the Peninsular War of 1814, in which a mortality 
of 33.01 per cent is given for 106 patients admitted to the hospital in 
Toulouse. The next series of wars for which such figures have been 
obtained occurred during the period 1854 to 1870 (Table VII)? It may 


TABLE VII 
MorvTaLity WITH CHEST WOUNDS IN VARIOUS WARS 


DEATHS PER HUNDRED CASES 


TOTAL NO. ALL PENETRATING 
CHEST WCUNDS CHEST CHEST 
WOUNDS WOUNDS 


Peninsular (1814) 14 33.0 
Crimean (1854-56) 

British23 26.6 

French5 33.5 
Italian (1859) 6, 8 21.8 
18.5 
New Zealand (1863-65) 26 36.8 
Danish (1864) 19 
American Civil (1861-65) 28 27.8 
Franco-German (1870-71) 12; 21 24.3 


WARS 


South African33 14.0 
World War I (1914-18) 
British14 27.5 
French?, 10 
American?4 24.06 
Sino-Japanese (1937) 30 14.8 
World War IT (American) 8.2 


be observed that the case fatality rates in the various wars ranged be- 
tween 24 and 37 per cent for all chest wounds and 47 and 92 per cent 
for penetrating chest wounds. In a series of 20,607 cases of chest 
wounds in the American Civil War (1861 to 1865), the total mortality 
was 27.8 per cent, whereas for actual penetrating wounds it was 62.5 per 
cent. These are undoubtedly the most accurate and reliable and prob- 
ably the most representative mortality statistics recorded for war wounds 
of the chest prior to World War I. In the Franco-German War (1870 
to 1871), the case fatality rate for penetrating wounds of the chest was 
54.8 per cent at Sedan and 55.8 per cent at Metz. The next war, the 
South African (1899 to 1901), oeeurred about thirty years later and, un- 
fortunately, no general statistics were published for this period although 
Stevenson, in’ a personally observed series of 214 cases, reported a mor- 
tality of 14 per cent. This unusually low mortality has been explained 
on the basis of the unique type of chest wounds encountered in this war. 
Apparently, the wounds were due almost entirely to small caliber, eylin- 
drical bullets which produced minimal tissue damage, and there was 
relative freedom from bacterial contamination and infection.2? Accord- 
ingly, the‘figures in this war may not be satisfactorily compared with 
those of other wars. % 
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91.6 
61.0 
46.8 
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From this brief review of the experiences in chest wounds in the vari- 
ous wars prior to 1900, it is evident that the mortality was quite high, 
being about 30 per cent for all chest, wounds and about twice this figure 
for the penetrating type (Figs. 4 and 5). Interestingly enough, it may 
also be observed that there were little or no significant variations in 
these figures for the various wars except for the South African War 
which, for reasons already given, may be disregarded in these compari- 
sons. The implication that this reflects little or no progress in the man- 


agement of these injuries is suggested but cannot be definitely stated 


without considering a number of factors that influence the mortality. 


PERCENT 


PERCENT 
40 40 


PENINSULAR CRIMEAN AMERICAN WORLD WAR I WORLD WART 
(1614) (1854-56) CIVIL (1914-18) 1941 - 
(1861-65) 


Fig. 4.—Mortality with chest wounds in various wars. 


The steady decrease in the mortality of chest wounds, especially the 
penetrating type, in the various wars since 1900, is considered significant 
(Fig. 5). In World War I (1914 to 1918), the British recorded a total 
mortality of 27.5 per cent for chest wounds but did not give the mortality 
for penetrating wounds. Duval suggested that for the French Army 
the total mortality approximated 50 per cent. In the American Forces, 
during this war, the total mortality in 4,595 chest wounds was 24.05 
per cent, whereas in 1,726 penetrating wounds it was 47.68 per cent. 
Although at first glance comparison of these figures with the respective 
figures, 27.8 and 62.5 per cent, of the Civil War may not seem very 
favorable, it should be realized that the lethality of the wounds oceurring 
in World War I was potentially greater than of those occurring in the 
Civil War since seven-tenths of the former were caused by shell frag- 
ments, whereas only one-tenth of the latter were produced by these agents. 
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In the current Sino-Japanese War (1937), Ranson reported a total mor- 
tality of 14.8 per cent in a series of 115 patients admitted to a base hos- 
pital. In the present conflict, in the American Forces the total mortality 
for chest wounds on the basis of available statistics on well over 20,000 
eases is 8.1 per cent and, in penetrating wounds, it is less than 15 per 
cent. This is clearly the lowest mortality rate for chest wounds that 
has ever been recorded in the history of warfare. A comparison of this 
figure (8.1 per cent) with that of World War I (24.05 per cent) demon- 
strates with striking foreefulness the great progress that has been made 
in the management of these cases and the advance that has occurred in 
thoracie surgery since that time. 


PERCENT PERCENT 
100 7 100 


CRIMEAN AMERICAN CIVIL WORLD WAR I WORLD WAR 2 
(1854-56) (1861-65) (1914 - 18) 1941 


Fig. 5.—Mortality with penetrating chest wounds in various wars. 


There are a number of factors that have contributed toward this 
greatly increased survival rate in cases of chest wounds in this war, 
among the most important of which are advanced facilities and per- 
sonnel for rendering early and adequate resuscitative measures and 
for performing good thoracic surgery, the use of chemotherapy, and 
an efficiently organized system for the speedy eveauation of the wounded. 
Of all these factors, perhaps the most important is the early application 
of good surgical principles. Never before in the history of warfare have 
battle casualties received such prompt surgical care by such highly 
skilled specialists. This has been made possible by a combination of two 
factors: first, the plan of medical service in the combat zone which is 
directed toward decreasing the period between the occurrence of the 
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injury and adequate surgical care, and second, the availability of young, 
formally trained medical officers who are not only well qualified tech- 
nically to perform good thoracie surgery but, even more important, are 
schooled and well grounded in the fundamental principles upon which 
good surgical practice depends. The availability of these highly trained 
surgeons is a reflection of our carefully nurtured system of postgraduate 
medical education and their superior performance is a measure of the 
progress that has been made in this field of surgical endeavor. The 
proper utilization of these well-trained thoracic surgeons and the manner 
in which they have been fitted into the organization of medical services 
in the forward area have also played significant roles in bettering our 
results in this war. The principle that the sooner a wounded man re- 
ceives adequate first aid and subsequent surgical care the more successful 
are the results is well established and has keynoted the plan of medical 
care in the advanced battle zones. These formally trained young tho- 
racic surgeons are now grouped in teams with an anesthetist and all 
other facilities and equipment required to perform their functions prop- 
erly. They are attached to and work in mobile field hospital units that 
are placed far forward so that wounded men ean be received within a 
few hours after injury and given prompt and specialized surgical care. 

Another vital factor in favorably influencing the mortality in these 
cases of chest wourtds has been the emphasis placed upon resuscitation, 
preoperative management, and judicious timing and selection of sur- 
gical intervention. The control of shock by the administration of ade- 
quate amounts of plasma and especially whole blood transfusion and 
by the use of oxygen and morphine, and the immediate relief of respi- 
ratory embarrassment are extremely important considerations. Early 
bronchoscopic or catheter tracheobronchial aspiration is a particularly 
important procedure in removing blood and secretions from the respi- 
ratory passages and thus preventing the development of serious pul- 
monary complications. The early recognition of abnormal cardio- 
respiratory physiology and the restoration and stabilization of these 
mechanisms before operative intervention have been found essential ; 
this practice has not only permitted safer surgery but has also dimin- 
ished postoperative morbidity. 

Chemotherapy has probably played some role in contributing to the 
decreased mortality and morbidity among chest wounds in World War 
II but its actual significance has not been accurately ascertained. 
While infection and, certainly, the more serious forms of empyema and 
sepsis have been materially reduced, the extent to which this can be 
attributed to sulfonamides has been difficult to determine. The diffi- 
culty of evaluating the sulfonamides in this connection arises from the 
presence of other factors such as prompt and good surgical practice. 
It is the general impression, however, that the sulfonamides have been 
useful and have decreased the incidence of serious infections. In this 
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connection, penicillin has much greater promise and an effort is being 
made to determine its field of usefulness in these types of cases. 


24, 


25. 
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WAR WOUNDS OF THE CHEST 


OBSERVED AT THE THORACIC SURGERY CENTER, WALTER REED GENERAL 
HospiTau 


LIEUTENANT COLONEL BRIAN BLADES, AND (BY INVITATION ) 
Captain Davin J. DuGAan 
MepicaL Corps, U. S. ARMY 


HREE interesting types of war wounds have been observed at Wal- 

ter Reed General Hospital, namely, (1) retained shell fragments in 
the lungs (2) draining sinuses and empyemas resulting from war 
wounds, and (3) hemothorax cases. The first problem which will be 
discussed is the management of cases with retained shell fragments in 
lung tissue. 

Retained Shell Fragments.—There are apparently no acceptable dog- 
matic rules to follow in determining which metallic foreign bodies should 
be removed from the lungs and which should not. And there is some 
question about the proper timing for surgical intervention in each case. 
Opinions vary from a very radical point of view advocating that prac- 
tically all shell fragments should be extirpated from lung tissue as soon 
as possible, to an ultraconservative ‘‘leave alone’’ policy. We have 
endeavored to individualize each case and have considered the following 
factors: (1) Whether the shell fragment in the lung produces signs or 
symptoms, (2) the size and position of the fragment, (3) the psycho- 
somatic effect on the patient who knows he has a shell fragment in his 
lung. 

Signs and Symptoms.—Unless the foreign body is in the periphery of 
the lung, pain is a difficult symptom to evaluate. If, however, it is near 
the periphery, on either the pleural or diaphragmatic surfaces and the 
-patient complains of discomfort or pain, surgical intervention is rec- 
ommended. Hemoptysis which seems to result from a retained shell 
fragment is likewise a positive indication for operation. Only two of 
our patients with retained shell fragments in the hee have coughed 
up blood. 

Size and Position of Fragment.—Size alone is probably not a reliable 
criterion on which to base the decision to remove a foreign body. Ob- 
viously, the large shell fragment should be removed, provided trained 
surgeons and adequate equipment are available. If a man has survived 
the immediate effects of a gunshot wound, neither the size nor position 
of the fragment in the lung will make it necessary to perform an emer- 
gency operation for the removal of the foreign body. Operations on the 


Read at the Twenty-Fifth Annual Meeting of the American Association for 
Thoracic Surgery, Chicago, Ill, May 5 and 6, 1944. 
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thorax can now be performed with so little danger to the patient that. it 
is probably justifiable to adopt a more radical policy in dealing with 
shell fragments in the lung than would have been safe twenty-five years 
ago. This applies only to elective operations, however, after the pa- 
tient’s condition is stabilized. Figs. 1 and 2 demonstrate a case in 
which a large shell fragment lodged near the inferior pulmonary vein 
and one end of it had penetrated the pericardium. The soldier survived 
the wound and elective removal of the fragment was accomplished two 
months later. The convalescence was uneventful. 


Fig. 1.—Roentgenograms of chest showing large shell fragment which was near the 
inferior pulmonary vein and adherent to the pericardium. 


Psychosomatic Effects on the Patient—Most men are disturbed by 
the knowledge that they have a shell fragment or fragments in their 
lungs. In fact, it seems the more intelligent the patient, the more ap- 
prehensive he becomes. It is interesting that the same patient, with a 
large metallic foreign body in the thigh and a smaller one in the lung 
parenchyma will become lung conscious and has a tendency to forget 
the other wound. Reassurance by the surgeon that the pulmonary 
wound will not give trouble sometimes diverts his attention. In the 
borderline case, however, it is difficult to guarantee honestly that the 
patient is immune from further effects from a retained shell fragment. 
Vague pains, shortness of breath, and other subjective symptoms may 
develop. The realness of these complaints is impossible to evaluate. 
Removal of the shell fragments, and particularly if one shows the pa- 
tient a postoperative roentgenogram of his chest demonstrating that the 
metallic foreign bodies are gone, will often result in a cure of the symp- 
toms which were probably psychosomatic in origin. It would be wrong 
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to advocate removal of all shell fragments in the lungs on the basis of 
vague pains in the chest, or other indefinite manifestations. If, how- 
ever, the foreign body is good sized, and the cause of the symptoms are 
not satisfactorily explained by injury to the chest wall, removal of the 
shell fragment is recommended in our clinic. 

Thirty patients with shell fragments in the lungs have been studied 
at Walter Reed General Hospital; only sixteen operations have been 
performed for removal of the fragments. Twelve of the sixteen pa- 
tients exhibited definite signs or symptoms which could be attributed to 
the foreign body. In four instances, the fragments were removed to 
alleviate symptoms which were probably psychosomatic in origin. In 
the remaining fourteen cases in which operation was not recommended 
the fragments were small, in most instances multiple, and the patients 
had no complaints. 
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Fig. 2.—Photograph of shell fragment after removal. 


In a discussion of war wounds of the chest, it is important to men- 
tion the possibility of foreign bodies which are not opaque on x-ray ex- 
amination being carried into the chest by shell fragments. Several 
patients have been treated who had pieces of wood blown into the chest. 
One soldier who had sustained multiple wounds was admitted to the 
thoracic surgery section for removal of a large shell fragment in the 
chest wall. The mass was palpable under the pectoral muscles. A 
roentgenogram of the chest, however, did not show an opaque foreign 
body. The patient was questioned about the possibility of wood frag- 
ments, ete. Since he was wounded on a beach he was reasonably sure 
that nothing struck him except shell fragments: He did recall, how- 
ever, that he had not been able to find his fountain pen since he was 
struck. We removed about one-half of the fountain pen from the chest 
wall, 
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Chronic Draining Sinuses and Empyema Thoracis Following Gunshot 
Wownds.—In a total of 137 cases of gunshot and stab wounds of the 
chest, only seven cases have been complicated by empyema thoracis. The 
condition, of course, was chronic by the time the patient had reached the 
zone of interior. In only one instance was an extremely large empyema 
cavity encountered. Other thoracic centers have had a higher incidence 
of empyemas* complicating wounds, but it has not been a serious prob- 
lem in this war. It is gratifying to note that the unpardonable error of 
premature open drainage in cases of infected hemothorax has been most | 
unusual, and that emphasis has been placed on the early re-expansion of 
the lungs in all types of chest wounds. Further comment on this im- 
portant principle will be given in the discussion of hemothorax. 

Chronic Draining Sinuses——Chronie draining sinuses in the chest 
wall without evidence of empyema have occurred in fourteen patients. 
The causes of the sinuses have been as follows: Necrosis of costal car- 
tilages, six cases, osteomyelitis of ribs, two cases ; large pericostal sutures 
of nonabsorbable material, four cases; cause undetermined, two cases. 
There is nothing new or unusual about the causes of the sinuses in our 
series of cases. Two points in connection with this problem, however, 
deserve short comment. 

The first is the use of pericostal or perichondral sutures to pull ribs 
or cartilages together in severe wounds of the chest when a large defect 
in the chest wall is repaired. We have seen four cases in which heavy 
nonabsorbable sutures have caused chronic draining sinuses. In two 
instances heavy silk had been employed and in two other cases, wire 
ligatures. It is admitted that in other patients, where healing has been 
complete and satisfactory, roentgenograms of the chest have shown wire 
sutures encircling the ribs. This does not, however, justify the con- 
clusion that it is safe to use heavy nonabsorbable material in poten- 
tially infected wounds. Removal of the pericostal sutures resulted in 
prompt healing of the sinuses. It is apparent that large buried sutures 
of nonabsorbable material for the purpose of pulling the ribs or ear- 
tilages together are likely to cause trouble in any wound. In a war 
wound one should expect uniformly bad results. If pericostal or peri- 
chondral sutures are necessary, absorbable material should be employed. 

The second interesting point in the management of draining sinuses 
has been in connection with cases which have resulted from necrotic 
costal cartilages. It has been known for many years that to effect 
permanent healing in these cases, it is necessary to remove all of the in- 
volved cartilages. This will result, in many instances, in a large defect 
in the chest wall. Since all of these wounds are infected, primary clo- 
sure is rarely entirely successful. If the wound is left open and allowed 
to granulate, two difficulties may arise. One, of practical importance, 
is the long convalescence which is necessary while the wound fills in 
with granulation tissue. Second, and more important, the granulation 
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tissue often contracts and as time goes by the cut ends of the previously 
healthy cartilage or rib may become exposed. This may prevent heal- 
ing. To overcome these two problems, we have, in eight cases, em- 
ployed the following technique. 


Technique for Repair of Chronic Draining Sinuses ef the Chest 
Wall.—The sinus tracts are explored, care being taken to preserve as 
much healthy skin as possible. The cartilages are exposed and all necro- 
tic tissue is excised. It is hardly necessary to emphasize that the excision 
must be radical. The wound is then dressed with petrolatum gauze and 
no attempt is made to close it. As soon as it is apparent that the 
granulations are clean (in about four to seven days), the surface of the 
wound is covered with a split-thickness skin graft. This technique 
has proved satisfactory and reduces materially the period of hospitali- 
zation. 

Hemothorax.—The third condition which has been of considerable in- 
terest is hemothorax. One hundred and seven eases have been studied ; 
seventy-seven patients were essentially well by the time they reached 
the United States. Only thirty patients required further attention and 
of these, twenty-four cases responded quickly to simple aspiration with 
a needle and the lung re-expanded satisfactorily. In six cases, the 
blood was clotted and the visceral pleura fixed by fibrous tissue. The 
following case report is presented to illustrate the problem of chronic 
hemothorax or fibrothorax. 


Case Report.—The patient, a 25-year-old soldier, was wounded by 
machine gun fire. His condition was never serious. The chest was 
first aspirated ten days after the wound was sustained. Several more 
aspirations were performed, but the largest amount of fluid that could 
be withdrawn was 180 ¢.c. At each aspiration approximately 30 c.e. 
of air were injected into the pleura. When the soldier arrived in the 
United States, he was emaciated and had low-grade fever daily. The 
left chest was flattened and the respiratory excursions of the affected 
side were very limited. Figs. 3 and 4 show the roentgenographie ap- 
pearance of the chest shortly after the injury and when the patient 
arrived at Walter Reed General Hospital. Thoracentesis, in an effort 
to remove the fluid, yielded only a few cubic centimeters of dark, bloody 
fluid. Accordingly, operation was recommended. It was necessary to 
open the chest, evacuate the organized clot, and decorticate the lung 
(Fig. 5). 

After the organized blood clot is removed, the surgeon must decide 
whether it will be necessary to decorticate the underlying lung. If the 
corset of scar tissue over the visceral pleura is so rigid that the lung 
cannot re-expand, it is apparent that evacuation of the clot alone will 
be useless. It is probably impossible to determine by inspection and 
palpation whether it is necessary to perform the radical operation. We 
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have, therefore, employed the following technique in an effort to deter- 
mine the extent of the fixation of the lung. After the pleura has been 
freed of blood clot and carefully cleared with irrigations of saline, the 
anesthetist inflates the lungs through the intratracheal catheter. Pres- 


Fig. 3.—Appearance of roentgenograms a few days after the wound was sustained. 
Blood had been aspirated and air injected into the pleura. 


Fig. 4.—Roentgenographic appearance of the large chronic hemothorax when the pa- 
tient was admitted to Walter Reed General Hospital. 


sures of over 10 cm. of water should probably not be exceeded in mak- 
ing this test. If the lung remains splinted, a decortication is indicated. 
Relatively free motion of the lung argues against further surgical inter- 
ference. 
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Comment.—It is interesting that four of the six men with fibrothorax 
had been wounded by rifle or machine gun fire. Judging from avail- 
able records, the immediate effects of their wounds were not particu- 
larly severe and in comparison with the majority of the others in the 
hemothorax group, who recovered without complications, the initial 


Fig. 5.—Drawings showing organized blood clot in the pleura and the surgical 
— que employed to decorticate the lung which was splinted by a corset of fibrous 
issue. 
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wounds were relatively minor. None of the men suffering from fibro- 
thorax had sucking wounds originally. It appears that because the 
primary wound was not so serious and perhaps because respirations 
were not immediately embarrassed, there was a tendency to leave the 
blood in the pleura alone. It is also interesting that there was no indi- 
cation of extensive lung damage. This opinion is based on informa- 
tion from the records and the fact that hemoptysis was either absent 
or minimal in all of the patients in this group. The circumstances 


under which the wound was sustained precluded early aspirations of the © 


bloody fiuid in one case. One patient (discussed in the preceding case 
report) was treated by aspiration of blood and air replacement. 


Aw Replacement in the Treatment of Hemothorax.—Authoritative 
opinions from British surgeons suggest that air replacement is to be 
condemned in the treatment of hemothorax. Our data do not neces- 
sarily confirm this observation because only one patient has been so 
treated. It is interesting, however, that this case was complicated by 
fibrothorax and it is also significant that in the entire group of 107 pa- 
tients, there were no complications in eases in which vigorous efforts 
were made to effect complete and early re-expansion of the lung and 
air replacement was avoided. It is admitted that there are rare in- 
stances when evacuation of blood from the pleura will result in second- 
ary hemorrhage. If this does happen, splinting of the lung by pneumo- 
thorax may be advantageous. There are no recorded complications 
of this nature in the patients we have received. Moreover, unless the 
secondary hemorrhage is from a systemic vessel, one can be reasonably 
sure that after a few days, secondary bleeding will not occur from ves- 
sels in the pulmonary system, where the pressure is only approximately 
30 mm. of mereury. It would appear, therefore, that the recommenda- 
tions of Roberts and Tubbs’ and other British surgeons, based on their 
war experiences, should be accepted. Their general routine is as fol- 
lows: Aspiration of as much blood as possible about twenty-four hours 
after the injury, always before the fourth day. They note that if the 
patient complains of a tight feeling -in his chest, enough air may be in- 
troduced to relieve the increasing negative pressure. They state, how- 
ever, that there is one objection to air replacement, namely, the air 
rises to the upper parts of the pleural cavity and will temporarily pre- 
vent the apex of the lung from re-expanding. This is particularly dan- 
gerous because, if infection does occur, a total empyema will resulf. 
Edwards? has emphasized that if air replacement is used at all, it 
should be limited to the first two aspirations. 

We have accepted the principles of early expansion of the lung, but 
most of the patients with acute hemothorax admitted to Walter Reed 
General Hospital have not been subjected to aspirations of the blood 
from the pleura as early as twenty-four hours, and it has been noted 


a 
4 
a 
a 
a 
it 
4 
| 
| 
; 
i by 
{ 
| 
i 
a 


302 THE JOURNAL OF THORACIC SURGERY 


that in patients returned from overseas, aspiration had been delayed for 
a few days (two to five days). After evaluating the results in the en- 
tire series we find the following plan has apparently been employed 
successfully. Immediate aspiration is not recommended unless the 
volume of blood in the pleura is embarrassing respiration. If this is 
the case, a sufficient amount of blood is removed to relieve the respira- 
tory embarrassment. If the patient’s respirations are comfortable, 
evacuation of the blood is not begun until two to three days after the 
injury. Volumes of from 350 to 600 c.c. of blood are removed at each 
aspiration. Withdrawal of the fluid is immediately discontinued if the 
patient complains of a tight feeling or pain in his chest. Air replace- 
ment is avoided. By this method an enormous hemothorax can be eva- 
cuated over a period of from three to seven days. 

The importance of early expansion of lung tissue in all injuries of 
the chest has been mentioned in connection with cases of empyema tho- 
racis following gunshot wounds. It is significant that. in 137 war 
wounds of the chest, only four cases of empyema have been seri- 
ous. The empyema cavities in the remaining three cases were small. 
The practice of early and vigorous efforts to re-expand the lung saved 
these men from total empyemas. This fact alone, in our opinion, will 
justify the conclusion that air replacement, when fluid is removed from 
the chest of a wounded man, should be avoided whenever possible. 

Rehabilitation of Soldiers With Wounds of the Chest——One problem 
of considerable interest, in connection with rehabilitation of men who 
have suffered wounds of the chest, is intercostal pain. This complica- 
tion was not common in civilian practice or perhaps it may be more 
accurate to state that the complaint of pain in the chest wall following 
operations or injuries was not given as much attention as it deserved. 

Permanent evidences of pulmonary damage either by the subjective 
manifestations of dyspnea on exertion or by objective studies including 
vital capacity determinations have been lacking. The pain or painful 
numbness in the chest wall does not constitute a serious problem in 
civilian patients because any activity which might aggravate the dis- 
comfort could be avoided. In military life, however, the pain becomes 
extremely important to the soldier who is ordered to carry a pack, drill, 
ete. The pain is as difficult to evaluate as it is to define. In war sur- 
gery, however, the medical officer is obliged to make a decision concern- 
ing the validity of the complaint. If he discounts the patient’s inter- 
pretation of his feelings and sends him to duty when he has real and 
disabling pain, a serious injustice has been done, both to the man and 
service. Conversely the surgeon must seriously consider the possibility 
of ‘‘gangplank fever’’ in all patients with pain out of proportion to the 
injury. This important problem has stimulated us to study intercostal 
pain and attempt to grade it on an objective basis. The following pro- 
cedures have been employed. (1) A neurological examination; (2) the 
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patient is asked to outline the painful region on his own chest wall; (3) 
skin resistance tests are employed to check the impressions gained by 
the other examinations. (These studies were performed by Major 
Donald L. Rose, employing the Richter technique.) With few excep- 
tions the patient’s zoning of pain points coincided with skin resistance 
tests. In a few cases in which the three methods of investigation did 
not coincide, we felt justified in discounting the symptoms. 

Our studies have established three important practical points: 

1. There is no satisfactory treatment for damaged intercostal nerves. ~ 

2. Injury to one intercostal nerve does not cause serious residuals. 

3. If three consecutive nerves are crushed or cut, prolonged and 
serious (from the standpoint of wigorous activity) discomfort will 
follow. 

There is no really satisfactory treatment for chronic intercostal pain 
following trauma to the chest. Intercostal block with novocain will, of 
course, give temporary relief. It has been our experience, however, 
that when the effects of the novocain have vanished, the patient will 
often feel that the pain is more severe. Alcohol injections or resection 
of the nerves should, in our opinion, be condemned. The inevitable 
painful numbness which follows these procedures is often more aggra- 
vating than the original discomfort. Once the nerves are injured there 
is no satisfactory treatment.. Regeneration of the damaged nerve offers 
the only hope of complete relief. 

Until some better method is available, it appears that the solution of 
this problem will be to exercise extreme care whenever possible in 
handling intercostal nerves, and to avoid any operative technique 
which will result in unnecessary injury to them. If this principle is 
followed, the use of pericostal or perichondral sutures requires con- 
sideration. Experience has proved that it is difficult to avoid injuring 
one nerve in effecting an entry into the chest. The residuals from the 
bruising of one nerve, either when a rib is resected or when intercostal 
incision is employed, however, are of little consequence. We have also 
been able to demonstrate that the pressure transmitted from the rib- 
spreading retractor alone will have little effect upon the nerves. Proba- 
bly the most common source of nerve injury is the careless use of en- 
circling sutures, which may result in the temporary destruction of three 
nerves. Moreover, it is our opinion that pericostal and perichondral 
sutures are rarely necessary to accomplish a satisfactory closure of the 
chest wall. If the wound is posterior and particularly if a segment of 
rib has been resected, sutures to hold the ribs together are unnecessary. 
Even when an intercostal incision is employed there is usually sufficient 
tissue to close the defect without fixing the exposed part of the thora- 
cie cage with encircling ties. 

Fig. 6 demonstrates the technique which we have adopted for clos- 
ing practically all operative wounds of the chest. Interrupted sutures 
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are placed in the intercostal muscles while the ribs or cartilages are 
brought together with retractors. It is important that the lower retrac- 
tor not be placed in the interspace adjacent to the wound, but at least 
one interspace below. The pressure from this retractor will be trans- 
mitted directly against the nerve on the inferior edge of the rib. By 
placing the instrument one or two interspaces below the wound, injury 
to two or three consecutive intercostal nerves will be avoided. 


Fig. 6.—Drawings showing closure of operative defect in the chest wall. Note the 
position of the lower retractor, two interspaces below the wound. This precaution is 
necessary to avoid injury to two or three consecutive intercostal nerves. 
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It should be emphasized that avoidance of perichondral and peri- 
costal sutures encircling the ribs or cartilages will not eliminate entirely 
the problem of intercostal pain following surgical intervention in the 
chest. Many patients, in whom encircling ties were not employed, 


PERIPHERAL NERVE EXAMINATION 


Fig. 7.—Chart showing immediate skin resistance changes (Richter method) in a 
case in which perichondral sutures were employed. 


PERIPHERAL NERVE EXAMINATION 


Fig. 8.—Skin resistance changes representing damage to intercostal nerves, in a case 
in which perichondral sutures were not used. 
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have complained of chronic pain and discomfort in the chest wall. In 
general, however, we are inclined to believe that the symptoms are not 
so severe and are of shorter duration if pericostal sutures are avoided. 
Figs. 7 and 8 show the differences in skin resistance tests in two cases; 
in one case pericostal ties were employed; in the other, the closure was 
performed by the technique depicted in Fig. 6. 

Not a single patient returned from overseas because of a chest wound 
alone has been permanently incapacitated. A few with combined in- 
juries of chest and peripheral nerves or chest and extremities are unfit 
for duty. There have been no deaths in the group. The lack of mor- 
tality is not surprising since the great majority of deaths from thoracic 
wounds occur relatively early. The low incidence of serious morbidity, 
however, attests the excellence of the early treatment these patients 
have received. 
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TRENDS AND PRACTICES IN THORACIC SURGERY IN THE 
MEDITERRANEAN THEATER 


CoLoNEL Epwarp D. CHURCHILL* 
Mepicau Corps, A. U. S. 


HE change of the focus of attention from pleural space to lung 

stands as one of the important achievements of the military surgeon 
of World War II. The point of view that holds a chest injury to be 
progressing satisfactorily:as long»as pleural infection has not super- 
vened is no longer tenable. 

The prime concern in the management of thoracic wounds in the 
combat zone has been the timing of operative intervention and the 
proper placement of various procedures in the line of hospitals from 
the front to the rear. In abdominal wounds, the early and fulminating 
complication of peritonitis leaves no question regarding the degree of 
urgency that demands immediate operation. In craniocerebral wounds, 
the complications of infection are slow to appear and a delay up to 
seventy-two hours for the initial operation can be accepted as a safe _ 
price to pay for the advantages of transportation to a hospital equipped 
and staffed for neurosurgery. In the management of thoracic wounds 
two distinct phases may be encountered—physiologie disturbance and 
infection. Profound physiologic disturbances must be corrected im- 
mediately, by operation if need be, in the most forward surgical installa- 
tion. Not infrequently the hazards of infection can be eliminated simul- 
taneously, but the two issues should not be confused. If a casualty is 
not subjected to early and complete operation on the indications of 
physiologic urgency, subsequent interference may be necessary three 
days to six weeks after wounding in order to prevent infection or 
minimize disability. 

At the divisional clearing station casualties are diverted to the 
adjacent field hospital if urgent surgical indications are present. These 
are, for chest wounds, continuing hemorrhage, severe shock, sucking 
wounds, injuries associated with respiratory distress, or wounds in 
which the missile may have penetrated the abdomen. Continuing 
hemorrhage has been from the chest wall in the vast majority of in- 
stances and into the pleural cavity rather than external. Persistent 
shock, rapid pulse, and low blood pressure are not in themselves indie- 
ative of continuing hemorrage. The diagnosis is made only by repeated 
aspiration and reaccumulation of blood. Aspirated blood is used for 
autotransfusion. 


*Consulting Surgeon, Allied Force Medical Section (Amer.). 
Read at the Twenty-fifth Annual eeting of the American Association for 
Thoracic Surgery, Chicago, Ill., May 5 and 6, 1944. 
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Sucking wounds are numerous, due to the predominance of high- 
explosive shell fragments as a cause of wounds. The wounds are usually 

small and the open pneumothorax is not in itself a common cause of 

embarrassment. Of course, larger defects are encountered from time 

to time. Closure of sucking wounds by suture before adequate débride- 

ment of the thoracic wall is performed was never sanctioned in this 

theater. Tight closure is likely to be followed by a pressure pneumo- 

thorax and surgical emphysema. A compress of petrolatum gauze held 

in place by adhesive plaster provides sufficient occlusion, and an escape 

for air is afforded if a bronchia. ieak exists. The surprising infrequency of 
pressure pneumothorax and subcutaneous emphysema can be attributed, | 
at least in part, to this optimum size of wounds, too small to produce 
the phenomena of an open pneumothorax, and too large to seal off the 
escape of air under pressure. Possibly pre-existing pleural adhesions, 
so important in the mechanism of pressure pneumothorax and emphy- 
sema, are less common today in our combat troops than they were 
when these sequelae of chest wounds terrified the military surgeons of 
the past. 

The use of bronchoscopic or catheter tracheobronchial aspiration to 
clear the respiratory passages of blood and secretions has found increas- 
ing use. Unless this is done, oxygen administration and transfusion are 
of little avail. A great deal of enthusiasm has developed for novocain 
block of the intercostal spaces involved by the wound. Many surgeons 
consider this procedure specific for what is termed the wet lung that 
follows trauma. There is discussion as to whether novocain block inter- 
rupts a somatovisceral reflex and releases bronchospasm or whether 
relief from pain simply enables the man to cough more effectively. Until 
further evidence is presented the latter explanation would appear to 
account for the observations on record. 

The urgent physiologic disturbances that attend wounds of the chest 
can be controlled by needle aspiration of air and blood, aspiration of 
blood and mucus from the tracheobronchial tree, novocain injection of 
intercostal spaces, insertion of a catheter with a flutter valve for pres- 
sure pneumothorax, oxygen therapy and transfusion, and débridement 
of sucking wounds with hemostasis of intercostal vessels and approxima- 
tion of deep structures of the chest wall to close the pleural opening. 

Immediate thoracotomy at a site of election is rarely indicated and is 
reserved for continuing intrathoracic hemorrhage uncontrolled by chest 
wall wound débridement (rare), large bronchopleural fistula not re- 
sponding to conservative management (exceedingly rare), wounds of 
esophagus (if diagnosed), and thoracoabdominal wounds (common). 

In intermediate position between the conservative methods of man- 
agement and a radical thoracotomy at the site of election comes thoraco- 
tomy through the site of the wound. With large defects of the chest 
wall very little added exposure is needed; with small defects the aper- 
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ture is increased by rib resection or intercostal extension of the incision. 
Carrying out intrathoracic procedures through the chest wall defect 
or an extension thereof is an operation of variable extent and indica- 
tions. Both the indications and the procedure will vary with the 
experience of the surgeon, the condition of the patient, the prevailing 
tactical situation regarding hospitalization and evacuation, the location 
and size of the wound, and the presence or absence of retained foreign 
bodies. With so many variables it is not surprising that differences in 
opinion exist regarding its merits. The chief accomplishments lie in 
the recovery of foreign bodies from the pleural space, removal of rib 
fragments and readily accessible missiles from the lung, appraisal of 
perforations of the diaphragm with suture in some instances, control of 
bleeding from the chest wall at a point remote from the wound of 
entrance, and suture of wounds of the lung that are judged to be a 
source of continuing hemorrhage. In addition, an opportunity is pro- 
vided to remove blood clots from the pleural cavity. 


The dangers of this type of interference are those of any operation 
without a precise and predetermined goal, particularly if undertaken 
through an incision determined by the missile rather than chosen by 
the surgeon. Properly employed, it may save life as well as prevent 
infection and in many instances obviate the necessity for a delayed 
operation. Improperly employed, it‘ may endanger life and delay the 


time when the patient is transportable to the rear. An important con- 
sideration is the likelihood that an extension of intrapleural operative 
procedures in the presence of a traumatized and partially collapsed 
lung will delay its re-expansion and by so doing invite pleural com- 
plications or render those that do occur more serious. 

During the five- to ten-day period after wounding, surgery may be 
indicated for the prevention of infection. Foreign bodies in the pleura 
or lung over a size arbitrarily set at 1.5 em. in greatest dimension are 
removed. At the same time residual clotted blood is removed from the 
pleural space. Wounds of the chest wall left open following débride- 
ment are sutured either previous to or at the time of operation. 

Hemothorax is managed initially by repeated aspiration. Many cases, 
particularly those with minimal chest wall damage, clear up with this 
regimen. A considerable number of cases with collections of blood in the 
pleural space become static about the fourth week. Massive acecumula- 
tions of fibrin with isolated pockets of serum resist further removal 
by aspiration. The chest wall becomes fixed and the interspaces nar- 
rowed. Doubtlessly some of these cases will eventually resolve spon- 
taneously, others terminate in an organized or calcified hematoma, and 
still others are complicated by empyema. Microorganisms, particularly 
the staphylococcus, are demonstrable in the fibrin clot in many instances. 

This chronic hematoma of the pleural space is rarely encountered in 
civilian injuries. It may be the result of the greater trauma that high- 
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explosive missiles inflict on both the chest wall and the lung, with a_ 
prolonged period of plasma exudation. In civilian injuries with small 
caliber missiles, knife blades, and ice picks, the hemothorax appears to 
arise from the intial hemorrhage and is either absorbed spontaneously 
or yields to aspiration. In wounds from high-explosive fragments there 
appears to be a continuing exudation of plasma and red ells that builds 
up the fibrin clot to large dimensions. How great a role nonsuppurative 
infection plays in this continuing exudation is impossible to ascertain. 

Between the third and sixth weeks careful appraisal is made of 
residual ‘‘clotted’’ hemothorax. If aspiration yields only a few cubic 
centimeters of bloody serum and serial x-ray pictures show no improve- 
ment, thoracotomy is advised. The pleural cavity is cleaned out and 
the dense layer of fibrin removed from the underlying lung to permit 
normal expansion. The lower lobe is often found distorted and folded 
upon itself, completely fixed by the fibrin envelope. 

This early decortication of the lung in nonsuppurative or sterile 
clotted hemothorax will, it is believed, not only prevent many instances 
of chronic empyema at a later date but conserve respiratory function 
in cases that do not go on to frank suppuration. 

Post-traumatic empyema is treated in accordance with the same 
principle—the prevention of the serious and life-endangering chronic 
phase of pleural suppuration. Preliminary drainage is established when 
indicated, and when the patient’s condition permits, decortication is 
earried out. The operation of decortication should be done before the 
tenth week following establishment of the infection, as after that time 
progressive organization of the inflammatory exudate on the visceral 
pleura obliterates a surgical line of cleavage. 

Air replacement of blood aspirated from the pleural space is not 
done in this theater. It was recommended by the National Research 
Council Committee for continuing hemorrhage from a lacerated lung, 
not as a routine measure. This condition is rarely encountered, and 
should be approached by open thoracotomy. 

Large hematomas of the lung are not uncommon but do not call for 
interference. Post-traumatic pneumatoceles may develop in the course 
of the missile tract. These may communicate with a hemothorax, or 
perforate into the pleura producing pressure pneumothorax as a late 
manifestation. 

Asymptomatic foreign bodies in the lung chest wall or mediastinal 
structures are not considered as disqualification for return to active 
duty within the theater. Return to active duty following chest wounds 
is measured by the functional capacity for exercise without embarrass- 
ing shortness of breath. Early decision regarding the removal of a 
foreign body should be made in each ease so that the convalescence 
from the thoracotomy will fall within the time period of the convales- 


cence of the wound. 
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Surgeons employing the low transthoracic approach for thoraco- 
abdominal wounds are enthusiastic about the exposure it affords and 
have extended its use to selected cases of left upper quadrant abdominal 
wounds. Wounds of the spleen, kidney, stomach, and splenic flexure 
of the colon are readily accessible by this approach. On the right side 
the transthoracic approach to the abdominal viscera is less free but 
many eases can be handled in this manner by extension of the incision 
far enough forward. Some surgeons still prefer a separate laparotomy 
incision. 

DISCUSSION ON ‘‘CURRENT OBSERVATIONS ON WAR WOUNDS OF THE CHEST’ 
BY COLONEL B. NOLAND CARTER AND LIEUTENANT COLONEL MICHAEL E. 
DE BAKEY;* ‘‘WAR WOUNDS OF THE CHEST’’ BY MAJOR BRIAN BLADES AND 
CAPTAIN DAVID J. DUGAN;+ AND ‘‘TRENDS AND PRACTICES IN THORACIC 
SURGERY IN THE MEDITERRANEAN THEATER’’ .BY COLONEL EDWARD D. 
CHURCHILL. 


DR. JOHN 8S. HARTER, Sanatorium, Miss.—I would like to say just one word 
about retained foreign bodies, from the experience we had last year with a 19-year- 
old boy who at the age of 12, seven years previously, had been struck by an auto- 
mobile, which left an open sucking wound in his chest. After the accident one of 
the car door handles could not be found. He came in to us complaining of cough and 
expectoration, which had been present only a few months. X-ray revealed a car 
door handle which had not been known to be present in the thorax. 

Of course, the door handle was easily removed from the pleura. The cough and 
expectoration disappeared very shortly after operation. Lipiodol studies were not 
done. I thought probably there was some bronchiectasis, but with the absence of 
symptoms this possibility was not studied. 

I think that bronchiectasis, following retention of foreign bodies in the chest, is 
probably one of the late complications. 


DR. I. A. BIGGER, Richmond, Va.—I should like to make a few comments on 
the question of aspiration in hemothorax. Should aspiration be performed early, 
and should the blood be immediately replaced by air? These questions cannot be 
answered with certainty, but the trend seems to be against early aspiration and 
against the replacement of blood by air. 

We have felt for a number of years that aspiration should be done early when 
circumstances permit the use of good technique. By early we mean within the 
first twelve hours. 

If aspiration is done within the first twelve hours and the blood appears to have - 
come from the pulmonary vessels, we believe that it is wise to replace the blood by 
air. If done between twenty-four and forty-eight hours, there is doubt as to whether 
air replacement should be used, and when aspiration is done more than forty-eight 
hours after injury, air should rarely be injected. 

If there is anything to suggest infection, air replacement is contraindicated. 

We feel that the early aspiration of hemothorax may accomplish several things: 
It may prevent the formation of massive clots. As suggested by Colonel Churchill, 
the blood may be used for autotransfusion. Removal cf the blood, a good culture 
medium, should decrease the chances of infection. Finally, if infection develops 
after removal of the blood, there is less thickening of the pleura and therefore 
less danger of the development of chronic empyema. 

When air is used to replace blood, the air should be allowed to flow in as the 


‘blood is removed, thus preventing even transient expansion of the injured lung, 
‘ which might cause reactivation of the bleeding. 


*See page 271 for article by Carter and DeBakey. 
See page 294 for article by Blades and Dugan. 
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DR. CHARLES P. BAILEY, Jenkintown, Pa.—I have never seen a war wound 
of the chest. I have seen a few civilian accidental wounds. Most of the wounds 
I treat are surgically inflicted. It has been suggested that the accumulation of 
blood and the development of a chronic fibrothorax is rare in civilian accident cases. 

I have had three cases of elective chest surgery in which a condition developed 
similar to those described by both Dr. Blades and Dr. Dugan, and Dr. Churchill. 
The first two were cases of lower lobe lobectomy for bronchiectasis, both treated 
by drainage and the drainage tube removed the next day. In both cases the drain- 
age tube had early become blocked with clots. Neither of these patients developed 
infection of the pleural space. 

In both cases it was not possible to evacuate the pleura by thoracentesis because 
not much fluid could be obtained (perhaps 30, 50, or 100 ¢.c.). Both of these pa- 
tients developed a chronic fibrothorax with persistent upper lobe atelectasis, although 
no infection occurred in the upper lobe. I do not believe from the bronchoscopic 
findings that they had any bronchial obstruction by plug or otherwise. 

A third patient had a neurofibroma of the mediastinum. He was operated 
on and the chest was closed tightly. At the time it was closed, there was some 
uncontrollable ooze from the raw surfaces that had been created by the operation. 
He developed a hemothorax with organization. Eight weeks later two quarts of 
fluid and clots were removed. The lung was decorticated of a one-quarter inch thick 
fibrous coating. The pleura was drained with suction. The lung expanded per- 
fectly this time, although there was again considerable oozing at the time the chest 
was closed. 

I suggest that perhaps we should use drainage in more of our elective cases of 
transpleural thoracic surgery to prevent the occasional development of chronic 
fibrothorax with permanent lung collapse. 


DR. LOUIS R. DAVIDSON, New York, N. Y.—I should like to confirm Dr. 
Bigger’s statements. Dr. Morelli, who was in charge of all the chest injuries in 
the Italian army during World War I, has written a valuable book on injuries to 
the lung and pleura, which I recommend. 

There has been a definite divergence of opinion about the necessity or the ad- 
visability of performing a pneumothorax when treating a post-traumatic hemothorax. 
I should like to remind you of the fact that hemothorax, as Morelli proved so 
vividly, is inversely proportionate to the pneumothorax present. 

I happen to be one of the honorary surgeons of the Police Department of the 
City of New York, where I have seen a few patients with hemothorax. Dr. Carnes 
Weeks, also an honorary surgeon, has seen seventeen such patients and he is very 
definitely of the opinion that in the early stages, pneumothorax should be rendered 
because the hemothorax, as I mentioned before, is inversely proportionate to the 
pneumothorax. I should like to emphasize that this holds true only for the early 
stages, in order to prevent the formation of the hemothorax—that is to control the 
bleeding. 

I have had three cases that I should like to describe briefly. One patient had 
injuries to the chest wall, multiple fractures of the ribs, injury to the lung, and also 
a hemothorax. This was many years ago, before I was interested in chest surgery. 
The blood was not removed from this patient and he developed a fibrothorax, so that 
today he is a definite respiratory cripple. 

In two other patients, in whom large amounts of blood were removed and pneu- 
mothorax was instituted, these parts are perfectly well without any residual respira- 


tory symptoms. 


DR. VICTOR STRONG RANDOLPH, Phoenix, Ariz.—I think these reports have 
been extremely interesting, and I have enjoyed them thoroughly. I think we should 
be pleased to infer from Dr. Carter and Dr. DeBakey that treatment of chest injuries 
has improved very much indeed in the present war. I would like to ask Dr. Blades 
whether in many of these cases of hemothorax the blood clot does not liquefy. I 
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recently saw a severe chest wound in a 7-year-old boy whose right chest was very 
largely denuded by a shotgun blast. He had suffered fractures of three ribs in the 
axilla and a perforation of two intercostal spaces, and had a very large sucking 
wound. 

The treatment was, originally, to close the wound and control the suction, and 
this boy did very well. X-ray picture taken twelve hours later showed a very large 
mass throughout the right chest, which was found to be blood. However, after fre- 
quent aspirations, the chest has very largely, but not completely, cleared. 

I want to ask if this blood will not clear up by aspiration. 


MAJOR EARLE B. KAY, Medical Corps, A.U.S.—The incidence of patients ad- 
mitted to the Thoracic Surgery Center at Percy Jones General Hospital with residual 
empyema cavities following gunshot wounds of the chest has been considerably 
higher—approximating 50 per cent of the admissions, Many of these are extremely 
large with unexpanded lungs collapsed against the mediastinum. There are four 
main causes of such cases. 

The first is the result of too early open drainage in cases of infected hemo- 
thoraces in which repeated thoracenteses were not performed prior to drainage to 
allow the total empyema space to become smaller and limited by adhesions. 

The second cause was the failure to establish closed drainage following early 
thoracotomies and débridements. Many that were not drained have undoubtedly 
healed by primary intention, but there were also many other patients who during 
the course of evacuation developed postoperative empyemas that required subsequent 
drainage in a period of two to six weeks. Certain of these resulted from unrecog- 
nized bronchopleural fistulas while others resulted from too extensive initial con- 
tamination. 

The third cause was multiple large traumatic bronchopleural fistulas resulting 
from lacerated lung tissue. The fourth cause, and comprising the smallest group, 
was secondary to operations for removal of foreign bodies in which bronchopleural 
fistulas developed and drainage was not instituted. Operation in such cases was 
done usually between two to four weeks following the original injury or operation. 

Because of the necessity of evacuation and delay in drainage in some instances, 
total empyemas developed before they could be cared for. 

The decrease in the mortality from chest wounds has been entirely the result of 
the excellent care of such patients by the front line surgeons. There are, how- 
ever, certain principles I believe to be of importance in decreasing the incidence and 
size of such empyema cavities: 


1. Patients with a hemothorax should have early and repeated thoracenteses until 
the pleural space is obliterated and the lung re-expanded to prevent the development 
of an infected hemothorax. 

2. Large infected hemothoraces should have repeated thoracenteses until the total 
empyema space is converted into a smaller encapsulated one before drainage is 
established. It should be again re-emphasized that early open drainage is contra- 
indicated in such large empyemas. 

3. If early operation (thoracotomy, débridement, suturing of lacerated lung, etc.) 
on the wounded soldier is done, then closed drainage should be instituted to pre- 
vent the development of an empyema even though some wounds closed without 
drainage may heal primarily. The drainage tube should not be removed too early, 
particularly if the patient is to be evacuated. 

4. If foreign bodies cannot be safely ‘removed at the time of the original débride- 
ment and thoracotomy, then three to four months should elapse before attempting 
their removal and only then if there is a definite indication. Most foreign bodies 
when small and in the periphery of the lung are harmless. A number of patients 
have been seen in whom the foreign body was removed four to six weeks after the 
original injury and primary operation. Many of these developed bronchopleural 
fistulas and empyemas. 
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If these principles are followed small insignificant empyemas might develop as 
a result of the drainage tube, but many others would be spared the hazards and 
complications of large chronic unobliterated empyema spaces. This is particularly 
true, if it is impossible for the original surgeon to care for such patients before 
complete healing has taken place. 


DR.’ LEO ELOESSER, San Francisco, Calif—Just a word regarding pain. I 
am not sure that that is entirely due to the pericostal sutures. We have seen too 
frequently as a sequel to various injuries of the chest, both blunt and open, ob- 
stinate intercostal neuritis and neuralgia such as Major Blades and Captain Dugan 
showed us in the charts. At times it has been necessary to employ rhizotomy in 
order to relieve it. 


DR. ADRIAN LAMBERT, New York, N. Y.—In commenting on the difficulty 
in aspirating acute massive hemothorax in the presence of clot, I should like to men- 
tion one procedure which I have found of value. This consists of the introduction 
of a needle at the top of the hemothorax space with suction applied to it. The clot 
comes up against that needle and is held at the top of the space. A second needle 
is then introduced at the base of the hemothorax cavity and the remainder of the 
hemothorax removed through the lower needle. I think that has been of great. value 
in the cases where it is impossible to aspirate with a single needle in the presence 
of a clot. 


DR. ARTHUR M. VINEBERG, Ste. Anne de Bellevue, Quebec.—The question of 
when blood in a pleural cavity is going to clot and when it isn’t going to clot. seems 
to me the crux of the situation. In view of the fact that liberation of tissue juices 
or infection are both factors in clotting of blood, it seems that in these war injuries 
the minute it is cértain that the bleeding has reached a stabilized level one should 
consider using an anticoagulent such as heparin locally, not generally. 


LT. COL. RICHARD H. MEADE, Jr., Memphis, Tenn.—My experience at the 
Kennedy General Hospital in Memphis has been very similar to that of Major 
Blades and of Major Case. There has been some difference in quantity and types 
of cases, but qualitatively it has been very similar. 

The thing that has pleased me most with the patients I have received is the 
expert care which they have received before they have come to me. Very few of 
them that have been wounded have needed anything except dressings, and many 
of them have been healed. The only ones that have presented problems are those, 
however, that have had neglected hemothoraces, and I agree completely with 
Major Blades and with Dr. Bigger in the management of those cases. 

I have been impressed with the value of decortication in salvaging lungs that 
would otherwise be collapsed permanently if one resorted to obliterating the space 
by means of thoracoplasty. I am sure that the treatment outlined by Colonel 
Churchill has accounted for the good result that I have seen in the cases coming 
from that theater. 

Patients with foreign bodies have been seen in our hospital. None of the 
foreign bodies have produced symptoms, and so far none have been removed. 
There has been only one foreign body in the heart, and that was a small one in. 
the ventricular wall, not producing symptoms, and it was thought inadvisable to 
interfere. 

I would like to repeat my statement that early aspiration of blood is very im- 
portant and complete aspiration is equally important. 


DR. DUANE CARR, Memphis, Tenn.—My principal qualification for speaking 
upon a military subject is that in our area we are rapidly approaching the figures 
given for the entire Civil War regarding injuries of the chest. There have been 
over 1,000 such injuries treated at the John Gaston Hospital in the past ten years. 
These are usually military type injuries of one kind or another, varying from those 
due to the popular crab apple-switch knife to those from a shotgun at close range, 


CHURCHILL: THORACIC SURGERY IN MEDITERRANEAN THEATER 315 


and other penetrating wounds. Certain principles have been evolved very much 
in line with those that have been discussed here today which we have found of ex- 
treme value. 

It is interesting to note that the only empyemas that we have found following chest 
injury have been in those patients who have not been thoroughly, frequently, and 
continuously aspirated until the pleural cavity was dry and remained dry. It is 
not an unusual experience to find that the initial hemorrhage following aspiration 
is succeeded by a pleural effusion, a sterile effusion which in itself results in the 
same thickening of the pleura with limitation of chest wall motion, of lung expansion, 
and which will prohibit an adequate function of the lung on that side. 

In our general hospital, with interns coming and going at a rapid rate, we have 
had an ample opportunity to observe both those patients who have been well aspirated 
and those who have not, and I wish to add my experience which coincides with that of 
those who believe in early aspiration, frequent aspiration, and complete drying out 
of the pleural cavity as a prevention of-later complications. 


LIEUTENANT COLONEL MICHAEL E. DEBAKEY, Medical Corps, U. 8. 
Army.—In view of certain statements that have been made on aspiration and air 
replacement in the treatment of hemothorax and on the management of foreign 
bodies, I would like, in closing, to make a few comments on these two subjects. 

First, with regard to aspiration and air replacement, as Dr. Davis has indicated, 
it was introduced by Morelli during World War I. However, I think we should 
give credit to Chassaignac who suggested the procedure in 1835, following his ob- 
servation in a case of penetrating or stab wound of the chest in which the lung 
as well as the azygos vein was injured, resulting in a massive and fatal hemothorax. 
In theorizing upon a method of stopping the hemorrhage, he indicated that air re- 
placement might be a desirable procedure. Following Morelli’s introduction and 
practice of this procedure in World War I, it was quite extensively used according 
to the historical accounts, especially by the Italian surgeons. However, it never 
became popular with the British or Americans, and I think, in light of recent expe- 
rience, Colonel Yates, who was in charge of one of the units to study chest wounds 
in World War I, has made some very interesting comments. He severely condemned 
the procedure. At the outset of World War II, there was considerable enthusiasm 
regarding its use, particularly among the British. It is interesting as further ex- 
periences have been gained with the procedure that it has become less favorably 
considered until now in certain theaters it is absolutely prohibited. 

Regarding the trend of the management of foreign bodies in the Civil War and 
in World War I, I think a few quotations might be interesting which are in the text 
of the report and which I did not have time to present. (See page 271.) Experience 
so far in World War II supports this policy. It will be interesting to observe 
whether this policy will be confirmed by greater experience and longer follow-up 
studies or whether it will be changed. 


LIEUTENANT COLONEL BRIAN BLADES, Medical Corps, U. 8. Army.— 
Apparently we all agree that early evacuation of blood in hemothorax cases is es- 
sential. There will probably never. be complete agreement about the question of air 
replacement in the management of hemothorax. In answering Dr. Randolph’s ques- 
tion about the possibility of the fibrothorax of chronic hemothorax liquefying, I am 
sure that many of them do, and in a few cases repeated aspirations over a long 
period of time might be successful in emptying the chest of fluid. I feel strongly, 
however, that the possibility of a permanently crippled lung makes it imperative 
to perform an open operation after a reasonable try with needle aspiration. 

In my haste in discussing pain resulting from damage to intercostal nerves, I 
apparently implied that pericostal and perichondral sutures were the principal cause 
of pain after thoracic operations. I do not believe that. We still have complaints 
of intercostal pain even when encircling sutures are avoided, but it appears that the 
elimination of pericostal and perichondral sutures will minimize postoperative pain. 
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THYMECTOMY IN THE TREATMENT OF MYASTHENIA GRAVIS 
Report or TWENTY CASES 


ALFRED BuLaALock, M.D. 
Mp. 


T HAS been emphasized repeatedly that our knowledge of myasthenia 

gravis and thymic tumors and the relationship of these to each other 
is meager. It is believed that there is more than a casual association 
of the two disorders since benign thymic tumors are rare lesions and 
yet thymomas have been found in almost one-half of the reported 
operations or autopsies on patients with myasthenia gravis. Since the 
introduction of the prostigmine test there is usually no difficulty in 
making a positive diagnosis of myasthenia gravis. There is, however, 
considerable difficulty in judging the long-range effects of therapeutic 
procedures since many patients with myasthenia gravis have sponta- 
neous remissions. 

Having been encouraged by the result which followed the removal 
of a benign thymoma from a patient with myasthenia gravis in 1936," 
we decided in July, 1941, that it might be worth while to test the effect 
of total thymectomy on patients without demonstrable tumors. The 
experimental nature of the procedure was explained to two patients 
with severe myasthenia gravis and they expressed a desire to have 
the operation. The early improvement of these patients was very 
dramatic and we were encouraged to make further trials. The early 
results following the first six operations were reported by Harvey, 
Ford, Lilienthal, and myself? in the latter part of 1941. The series 
has now been extended to a total of twenty cases. The experimental 
nature of the procedure has been explained to the patient or to rela- 
tives in all instances and in no,case has persuasion been used in ob- 
taining consent for operation. We have refused to operate in many 
cases in which the myasthenia gravis was not very severe and in which 
the patient was getting along moderately well with prostigmine medi- 
cation. No attempt has been made to protect the mortality rate by 
refusal to operate on severely ill patients in whom there seemed to be 
little likelihood of a spontaneous remission. 

The preoperative and postoperative treatment and the operative 
procedure have remained essentially the same as that described by 
us.?- The quantity of prostigmine, both by mouth and by subcutaneous 
injection, which produced the maximum improvement in each patient 
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has been determined preoperatively. This information is of value in 
treating the patient both during and after the operation. An improve- 
ment in procedure in recent cases has resulted from the introduction 
of the intratracheal catheter under local rather than under general 
anesthesia. When this is done, very little ether is required for the 
operation itself. In a number of the cases the quantity of ether used 
was one ounce or less. It is not known whether this fact is to be 
explained on the basis of some peculiarity of the disease or of the 


obtained through an upper median sternotomy. The operative proce- 
dure is not difficult and it is only because of the nature of myasthenia 
gravis that it is a rather dangerous one. 


RESULTS 


The purpose of this communication is to report the results thus far 
in the twenty patients in whom total thymectomy, or what is presumed 
to be total thymectomy, was performed. The ages of the patients 
ranged from 14 to 48 years. Sixteen of the patients were females and 
four were males. The duration of illness varied from seven months to 
twelve years. Four of the patients had had partial remissions. The 
preoperative prostigmine requirements ranged from 75 to 910 mg. 
daily. Only two of the patients had a thymie tumor. Most of the 
others had simply a persistent two-lobed thymus which on microscopic 
examination showed lymphoid hyperplasia with germinal center for- 
mation. The time interval since operation in the various patients 
ranges from five months to two years and nine months. 


There is such marked individual variation that it is deemed advisable 
to describe the course of each patient in. moderate detail. For this 
purpose the eases will be divided into the following five groups: (1) 
Patients who have died since the operation; (2) patients showing little 
if any improvement; (3) those who are moderately improved ; (4) those 
who are considerably improved; and (5) patients who are essentially 
well. The numbers which were assigned to the individual cases desig- 
nate the chronological order of the operations. For reasons given 
previously, it is not to be inferred that an alteration in the condition 
of the patient, except in the case of early postoperative death, is neces- 
sarily due to the removal of the thymus gland. 

Group 1, Deaths After Thymectomy.—There are four eases in the 
group of deaths after thymectomy. Three of the deaths occurred with- 
in a few hours or days postoperatively and are ascribable to the pro- 
‘cedure. There follows a brief description of the course of these four 
patients and a summary is contained in Table I. 


Case 4.—H. M. of Baltimore, a white woman aged 39 years, entered 
the hospital Aug. 15, 1941, with complaints of diplopia, difficulty in 
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DEATHS SINCE THYMECTOMY 


PRE- 
DURA- 
TION OF TIME 
ILL- | RE- DATE OF | LIVED 
| NESS, | MIS- OPERA- | POST- REMARKS 
PREOP- | SIONS mon |-opera-| PPA 
TIENT MINE 
ERA- TIVE 
TIVELY 
DAILY 
4 39 | Gyr. | One | 120 | 8/21/41/36hr. |Atelectasis, |Should have been 
respiratory | bronchoscoped 
failure 
15 19 |28mo.| No | 225 |11/ 4/42} 8mo. |Suffocation |No improvement 
D.R. | F while eat- | postoperatively 
ing 
16 14 |10yr. | No | 910 | 2/15/43] 4 days |Respiratory | Severe diabetes 
| F failure, three years, ex- 
atelectasis | tremely ill pre- 
: of lungs operatively 
17 14 | 7mo.| No | 650 | 5/25/43]17hr. |Mucus plug |Extremely ill pre- 
R.C.L.} M in glottis, | operatively 
lobular 
pneumonia 


swallowing with regurgitation of food, nasal speech, and difficulty in 
breathing when lying flat in bed. The onset was six years previously 
and a remission occurred one and one-half years later. This lasted for 
one year. The prostigmine requirement on admission was 120 mg. 
daily. Thymectomy was performed Aug. 21, 1941. Difficulty was en- 
countered in introducing an intratracheal] tube and the attempt was 
abandoned. No tumor was found. The patient died thirty-six hours 
after operation. Autopsy showed atelectasis of the right and left lower 
lobes, the bronchi being filled with secretions. No remains of thymic 
tissue were found. 

The following points are of interest: (1) The patient had had a cold 
several weeks previously ; (2) she complained of difficulty in breathing 
preoperatively unless the head of the bed was elevated; (3) difficulty 
was encountered in introducing an intratracheal tube at the beginning 
of the operation and the attempt was abandoned; and (4) bronchos- 
copy and aspiration were not performed even though the presence of 
retained secretions was suspected twenty-four hours after operation. 


Case 15.—D.R. of Calumet City, Ill., a white girl aged 19 years, 
entered the hospital Oct. 28, 1942, complaining of myasthenia gravis 
of twenty-eight months’ duration without remissions. The daily re- 
quirement for prostigmine was 225 mg. Roentgenotherapy six months 
previously had caused little if any change in her condition. The find- 
ings on examination included double vision, ptosis, nasal voice, weak- 
ness of jaw muscles, and weakness of extremities. At times there was 
great difficulty in swallowing. 
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Thymectomy was performed Nov. 4, 1942. No tumor was found. 
Microscopie examination of sections showed lymphoid hyperplasia with 
germinal center formation. The patient stood the operation well, but 
the myasthenia gravis was unimproved when she left the hospital, 
Dec. 2, 1942. The postoperative requirement for prostigmine was the 
same as previously. 

Her condition after returning to her home remained the same. A 
letter from her mother stated that she ‘‘choked’’ while eating her 
evening meal on June 29, 1943, and died suddenly. 


Case 16.—M.B. of Baltimore, a Negro girl aged 14 years, entered 
the hospital Oct. 6, 1942, with a.history which indicated that she had 
had myasthenia gravis for ten years and diabetes mellitus for at least 
three years. There had been several previous admissions to this hos- 
pital. The myasthenia gravis had been quite severe during the year 
preceding this last admission. She was unable to sit up or stand. 
Several weeks after entrance to the hospital she was given as much as 
910 mg. of prostigmine daily. Roentgenotherapy of the thymic region 
did not cause any discernible improvement. The diabetes was quite 
severe. 

The patient’s condition became steadily worse and thymectomy was 
performed Feb. 15, 1943. No tumors were found. Microscopie ex- 
amination of sections showed lymphoid hyperplasia with germinal cen- 
ter formation. She got along very nicely for the first three days after 
operation. On the fourth postoperative day the respirations bec . 
labored and the patient was placed in a respirator. Bronchoscopy wth 
aspiration was performed with temporary improvement, but the pa- 
tient died two hours later of respiratory failure. Autopsy examination 
showed atelectasis of the lungs, a caseous encapsulated area in the 
right lower lobe, and bilateral bronchial lymph node tuberculosis. 

I do not think that this patient’s life was shortened very much by 
the operative procedure. 


CasE 17.—R.C.L. of New Cumberland, Pa., a white boy aged 14 
years, first entered the hospital Feb. 9, 1943, with a history of myas- 
thenia gravis of four months’ duration. The chief complaints were 
difficulty in speech, loss of facial expression, difficulty in eating, and 
weakness. His weight was 87 pounds. The optimum prostigmine dose 
was 315 mg. a day. Even though the disease was very severe, he had 
had the trouble for only four months. He was discharged from the 
hospital March 2, 1943. : 

When he returned to the hospital two and one-half months later, 
his condition was very much worse. He was unable to raise his head 
off the pillow and he could not close his eyelids. He was given 650 mg. 
of prostigmine bromide daily and atropine sulfate, 2 mg. daily. In 
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spite of this large dose he had difficulty in taking food and water and 
at times was unable to swallow the tablets. When necessary, he was 
given prostigmine intramuscularly. 

Since the patient was getting rapidly worse, thymectomy was de- 
cided upon. Only one-half ounce of ether was used and the operating 
time was only fifty minutes. The respiratory movements were very 
slow and shallow at the completion of the operation. The intratracheal 
tube was not removed and he was placed in a Drinker respirator. The 
tube was taken out two hours later and he was removed from the 
respirator three hours after completion of the operation. The respira- 
tions were much improved and he appeared to be in good condition. 
Without any noticeable change in his condition in the intervening time, 
he suddenly stopped breathing at 3 a.m. on the following day. Autopsy 
showed a mucus plug in the glottis and lobular pneumonia. 

Comment.—Two of the four patients (Cases 16 and 17) who died 
were extremely ill preoperatively and it is doubtful whether the oper- 
ation shortened life greatly. The third patient (Case 4) who died in 
the early postoperative period did not have such a severe form of the 
disease. However, she had had a good deal of difficulty in breathing 
while lying flat in bed. Furthermore, she had had a cold several weeks 
previously and operation should have been deferred. The result might 
have been altered if bronchoscopic aspiration had been performed. At 
any rate, this patient’s life was shortened by the operation. The fourth 
patient (Case 15) in this group died eight months after thymectomy. 
She had severe myasthenia gravis which did not appear to be influ- 
enced at all by the operation. She suffocated while eating, and there is 
no evidence that the operation contributed to this fatal outcome. 

Group 2, Patients Showing Little If Any Improvement.—There are 
three cases in the group of patients showing little improvement. A 
brief description follows and a summary is contained in Table II. 


Case 7.—L. M. G. of Edmond, Okla., a white female aged 23 years, 
entered the hospital April 9, 1942, with complaint of myasthenia gravis 
of five years’ duration. There had been two pregnancies during these 
five years and most of the symptoms had disappeared while she was 
pregnant. Her major complaints were generalized weakness, ptosis, 
diplopia, and difficulty in chewing. She was taking 150 mg. of pros- 
tigmine a day. uf 

Thymectomy was performed April 20, 1942. No tumors were found. 
Microscopic examination of sections showed lymphoid hyperplasia with 
germinal center formation. She recovered from the operation satis- 
factorily, but there was little alteration in the degree of myasthenia 
- during the sixteen postoperative days that she remained in the hospital. 

The patient showed improvement after returning home, gaining eigh- 
teen pounds in weight. However, she was not feeling well when she 
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TABLE II 
PatIENTs SHOWING LITTLE Ir ANY IMPROVEMENT 


DATE OF | OPERA- PRESENT 


PA- NESS, | REMIS- “| OPERA- | TIVE REMARKS 
TIENT pre- | sions | TION CONDITION 


23 | Syr. |Two : 150 | 4/20/42| None | Relapse Patient gained 18 © 


F (dur- (preg- pounds and was 
ing nancy) much improved 
preg- until recently 

(3 nan- 
L. M. G. cies) 
14 29 | 3yr. |None 90 |10/26/42| None | Stronger, Prostigmine med- 
A. A.E.| F to 200 less fatigue} ication approx- 


imately same 


20 30 | Syr. |None 120 {11/27/43} None |Slight im- Slight decrease 
BB to 150 provement | of prostigmine 


wrote a letter, March 11, 1944, which was almost two years after the 
operation. She stated: ‘‘Up until my pregnancy I had been feeling 
better, and had been getting along fine on 4% to 6 pills a day. I took 
just as much as I needed to feel good and go where I wanted to. Quite 
an improvement over my condition previous to the operation. I took 
12 pills a day then and could not hold my eyelids open very well. 
I don’t feel at all well now but know this is due to my pregnancy.’’ 

The following statements were contained in a letter dated April 20, 
1944: ‘‘I am four months pregnant and I am feeling better all along. 
I was certainly sick and weak the first three months but I am feeling 
fine now. I take 5 and sometimes 6 prostigmine tablets a day. I have 
lots of energy.’’ 


Case 14.—A. A. E. of Chicago, a white woman 29 years of age, en- 
tered the hospital Oct. 15, 1942, complaining of generalized weakness 
and difficulty in swallowing, mastication, and phonation. Symptoms 
were first noted three years previously and they progressed slowly 
without remissions. Examination showed ptosis, diplopia, mild bulbar 
weakness, and moderate generalized weakness. The prostigmine re- 
quirement was 90 mg. a day and the optimum daily dose was about 
200 mg. 

Thymectomy was performed Oct. 26, 1942. No tumors were found. 
Microscopie examination of sections showed lymphoid hyperplasia with 
germinal center formation. 

The postoperative course was uneventful, but there was no change in 
the degree of the myasthenia gravis on her discharge from the hospital on 
the twenty-second postoperative day. The last communication from this 
patient was on March 8, 1944, one and one-half years after operation. It 
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was as follows: ‘‘I am now taking on the average of 5 prostigmine tablets 
along with 3 capsules per day which is about the same as before the 
operation. Since the operation I have improved in that I seem to be 
much more relaxed, sleep and rest better, and generally maintain my 
strength better. For the past two months my condition is better than 
in a long time. I have been bothered with less headaches, backaches, 
less muscular fatigue and no doubt the weak spells due to operation 
are over. My eyesight has been appreciably better and very recently 
I have been able to almost whistle.’’ 

This patient is moderately improved, but I doubt whether one would 
be warranted in attributing this improvement to the operative procedure. 


Case 20.—B. B. of Tacoma Park, Md., a white woman aged 30 years, 
entered the hospital Nov. 22, 1943, with a diagnosis of myasthenia 
gravis of five years’ duration without remissions. Complaints included 
weakness, thickness of speech, and ptosis. Her condition had been 
worse for the past year and she had been unable to arise in the morn- 
ing until after taking prostigmine. Previous roentgen therapy of the 
thymic region had resulted in no improvement. The patient was tak- 
ing 120 to 150 mg. of prostigmine a day at the time of admission. 

Thymectomy was performed Nov. 27, 1943. No tumors were found. 
Microscopie examination of sections showed lymphoid hyperplasia with 
germinal center formation. Her postoperative convalescence was un- 
eventful. There was, however, little alteration in the degree of my- 
Asthenia gravis. She was discharged from the hospital Dec. 8, 19438, 
twelve days after operation. 

The following letter was received from the patient Feb. 25, 1944, 
which was three months after operation: ‘‘Last week, before and 
during my menstrual period, I was taking 8 tablets of prostigmine 
per day. Now I am again taking from 5 to 6 tablets daily. Because 
of my ups and downs it is still rather difficult for me to make com- 
parisons but I do feel that the operation has helped me to a certain. 
extent. Naturally I feel very unhappy and sometimes quite depressed 
about the fact that in my case it does not seem to have been a com- 
plete success.”’ 

Comment.—The three patients state that they are somewhat improved, 
but I am inclined to believe they are too optimistic. There is no evidence 
that the patients have been made worse as a result of the operation. 

Group 3, Patients Showing Moderate Improvement.—There are five 
cases in the group of patients showing moderate improvement. Four 
of the five patients showed slight improvement in the early postopera- 
tive period and all state that they are in better condition now than 
previously. A brief description of these patients follows and a sum- 
mary is contained in Table III. 
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PATIENTS MODERATELY 


IMPROVED 
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EARLY 


TION OF ERATIVE POST- 
ILL- | | PROS- | DATEOF | OPER- | PRESENT 
PAL NESS, | gions | TIG- | OPERA- | ATIVE | CONDITION REMARKS 
oe PREOP- MINE TION IM- 
ERA- DOSE PROVE- He 
TIVELY DAILY MENT i 
6 33 | 2yr. | No 105 8/30/41| Slight | Improved, |Takes 60 mg. i: 
M.W. | F stronger | prostigmine i 
Caily; house- 
work 
8 33 | Qyr. | One 120° | 5/ 2/42| None | Improved |Takes 120 mg. 
M.E.C.| F 6 yr. | to 300 prostigmine 
previ- daily 


ously 


9 24 2yr. | None 270 5/27/42| Slight | Stronger |Does house- 
M.W.| F work; prostig- 
mine dose 
varies 
12 17 3 yr. | None . 75 7/30/42) Slight | Much Takes 45 to 90 
B.W. | F stronger | mg. prostig- 
: mine daily 
13 37 | 12 yr. | None 90 |10/12/42| Slight | Slightly {Takes 30 to 38 
J.B. | M to 240 stronger | mg. prostig- 
mine daily 


Case 6.—M. W. of Huntingtown, Md., a white woman aged 33 years, 
entered the hospital for the second time, Aug. 28, 1941, with a diag- 
nosis of myasthenia gravis of two years’ duration. Complaints con- 
sisted of weakness, difficulty in chewing and swallowing, ptosis, and 
diplopia. There had been no remissions. She had been taking 105 mg. 
of prostigmine and 75 mg. of ephedrine daily. It was necessary for 
her to take prostigmine during the night. 

Thymectomy was performed on Aug. 30, 1941. No tumors were 
found. Microscopic examination of sections showed lymphoid hyper- 
plasia with germinal center formation. She recovered from the opera- 
tion and the prostigmine requirement was reduced to 60 to 75 mg. daily 
during the period of almost two months that she remained in the hos- 
pital. The improvement was not dramatic. 

The patient showed further improvement after returning home. The 
following letter was received from her, Feb. 17, 1944, two and one-half 
years after the operation: ‘‘Since I have gotten rid of my cold which 
I had from September until the middle of January, I have been feeling 
just fine. I am now taking 4 prostigmine tablets in twenty-four hours. 
I think if I continue to feel as good as I have for the past month, ; 
I can reduce it some more. Before operation I was taking 7 prostig- f 
mine and 3 ephedrine tablets in twenty-four hours and was still unable 
to do anything or walk without help. Now I do all my housework 
with the exception of laundry. Since operation I have never lost my 
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voice and my neck has never gotten weak. In other words, as to my 
general condition now and before operation, I feel as if I am living 
in a different world. Life to me two years before that was not worth 
living.’’ 


Case 8.—M.E.C. of Daytona Beach, Fla., a white woman aged 33 
years, entered the hospital April 25, 1942, with a history of myasthenia 
gravis beginning nine years previously. Shortly after the onset she 
had a remission which lasted for two years. During the six years be- 
fore admission to the hospital the disease had progressed and she had 
been a helpless bedridden invalid for two years preceding her ad- 
mission. She had been taking 120 mg. of prostigmine daily, but it was: 
found in the hospital that she needed about 300 mg. a day. 

Thymectomy was performed May 2, 1942. No tumors were found. 
Microscopic study of sections showed lymphoid hyperplasia with germ- 
inal center formation. The patient recovered from the operation sat- 
isfactorily. There was little change in the degree of myasthenia at 
discharge on the twenty-ninth postoperative day. 

The patient showed some improvement on returning home. The 
following letter was received Feb. 19, 1944, twenty-two months after 
operation: ‘‘I take from 8 to 9 prostigmine tablets per day. When I 
eut down on medication very much, food doesn’t want to go through. 
I improve very, very slowly but I am still gaining strength. I can do 
things with less effort and can do more things all along. I am so much 
better than I was before the operation. From time to time during the 
day I can walk around the house with no assistanee. I can walk better 
and more than I could six months ago. Sometimes . can step up two 
stairsteps by simply holding enough to help balance.’ 

At the same time the following letter was received dots her hus- 
band: ‘‘She is able to walk around the house unassisted at her high 
point for the day. This is about 8:30 a.m. and also at 6:30 p.m. I can 
see no new developments in strength, but I feel that she improves in 
reserve all along: The difference so far as I am concerned between her 
present condition and that preoperatively is about the same as the dif- 
ference between life and death.’’ 


Case 9.—M. W. of Anderson, Ind., a white female 24 years of age, 

entered the hospital April 19, 1942, with the typical history and findings 
of myasthenia gravis of approximately two years’ duration. She had 
| noted nervousness as well as weakness at the onset, the basal metabolic 
rate was +30, and a thyroidectomy had been performed. Slight exoph- 
thalmos had been noted preoperatively and this progressed subsequently. 
The generalized weakness, ptosis, diplopia, dysphagia, and difficulty in 
talking beeame more pronounced, and the patient was taking 270 mg. of 
prostigmine a day. There had been no remissions. 
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Thymectomy was performed May 27, 1942. No tumors were found. 
Microscopic examination of sections showed lymphoid hyperplasia with 
germinal center formation. She did very well after operation and was 
discharged from the hospital June 25, 1942. The dose of prostigmine at 
the time was 135 mg. a day. The degree of exophthalmos was altered 
little if at all by the thymectomy. 


After the return of the patient to her home, her general strength and 
eyes improved somewhat but prostigmine was still required. The follow- 
ing letter was received from the patient Feb. 22, 1944, twenty-two - 
months after the operation: ‘‘My condition still varies greatly from day 
to day or sometimes week to week. But as a whole I feel that I am get- 
ting better all the time. I am more active and able to do many more 
things—such as climbing stairs by myself; doing a great deal of my 
housework ; seldom have to bend over to comb my hair; can see a movie 
through without having blurred vision and seldom have to be carried. 
Most of the time I take the usual amount of prostigmine, same as before 
operation. However, in December I cut down on the dosage quite a lot.’’ 


This patient had a severe degree of myasthenia gravis. I think she 
should be rated as moderately improved. 


Case 12.—B. W. of Baltimore, a small frail Negro girl aged 17 years, . 
entered the hospital July 17, 1942, because of myasthenia gravis of three 
years’ duration. There had been two previous admissions with the same 
diagnosis. Symptoms consisted of ptosis, diplopia, slurring of speech, 
difficulty in swallowing, and generalized weakness, and there had been 
no definite remissions. The daily prostigmine requirement was 75 mg. 


Thymectomy was performed July 30, 1942. There were no tumors. 
The gland weighed 38 Gm. Microscopie examination of sections showed 
lymphoid hyperplasia of the thymus with marked germinal center for- 
mation. The postoperative convalescence was smooth. The patient left 
the hospital thirteen days after operation and was taking 45 mg. of 
prostigmine daily at that time. 

She has returned for observation on a number of occasions. In answer 
to questions on Feb, 28, 1944, approximately twenty months after opera- 
tion, she estimated her improvement since operation at 50 per cent. The 
daily prostigmine dose varies from 3 tablets (15 mg. each) to 6 tablets. 
She is usually able to get out of bed in the morning before taking 
prostigmine, which was not the case preoperatively. She says that she 
has no trouble in swallowing. If she does not take prostigmine, the 
main symptom is a feeling of tightness in her forehead. At such times 
she will have slight double vision. She says, however, that the lids do 
not droop noticeably. At times she has abdominal cramps associated 
with the taking of prostigmine. The patient is taking a course in type- 
writing, and says that she is able to type forty minutes without stop- 
ping provided she has had a grain of prostigmine earlier in the day. She 
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does not complain of weakness in her legs. The patient walked the 
fourteen blocks from her home to the hospital the morning of exami- 
nation. 


Case 13.—J. B. of Detroit, a white man aged 37 years, entered the 
hospital Sept. 28, 1942, with a complaint of myasthenia gravis of twelve 
years’ duration without remissions. His condition was characterized by 
muscular weakness and fatigue, ptosis, and limitation of extraocular 
movements with some diplopia, nasal speech, and difficulty in chewing, 
swallowing, and talking. The patient was taking 90 mg. of prostigmine 
a day on admission, but he felt much better when this was raised to 
240 mg. 

Thymectomy was performed Oct. 12, 1942. No tumor was found. 
Microscopie examination of sections showed lymphoid hyperplasia with 
germinal center formation. There was a slight improvement in his symp- 
toms postoperatively, but he was taking essentially the preoperative dose 
of prostigmine on discharge, Oct. 31, 1942. 

There appears to have been a moderate improvement since the patient 
returned home. The following letter was received Feb. 18, 1944, ap- 
proximately sixteen months after thymectomy: ‘‘I have been able to 
maintain the same level of my general condition on less than half the 
amount of prostigmine. Where I used to require 75 to 90 mg. daily, I 
can now maintain the same level with 30 to 38 mg. However, the level 
of my condition with 30 to 38 mg. is still the same as when I arrived at 
the Johns Hopkins Hospital.’’ 

Comment.—There is no doubt that all of these patients are in better 
condition now than they were preoperatively. Unfortunately, it is not 
easy to estimate the importance of the operation in this improvement. 

Group 4, Patients Exhibiting Considerable Improvement.—There 
are five cases in the group of patients showing considerable improve- 
ment. All of the patients had a severe form of the disease and the con- 
dition of all of them improved after operation. Only one of the patients 
had had a remission previously and that was several years preceding 
the operation. Four of the patients showed an early postoperative im- 
provement, and two of these did not require prostigmine at the time of 
discharge from the hospital. A brief sketch of these patients — and 
a summary is contained in Table IV. 


Case 3.—L. K. of Glenburnie, Md., a Negro woman aged 22 years, had 
a six-year history of generalized weakness of the extremities, ptosis, 
diplopia, nasal speech, and increasing difficulty in chewing and swallow- 
ing. The symptoms were improved by prostigmine and were uninflu- 
enced by other drugs. She entered the hospital for the eighth time, Aug. 
16, 1941. She weighed 81 pounds and was taking from 105 to 120 mg. 
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TABLE IV 
PATIENTS CONSIDERABLY IMPROVED 


DURA- 
TION 
o OPER- EARLY 
CASE ILL- | DATE OF PRESENT 
NO., SEX NESS, sions | T16- OPERA- | TIVE IM- CONDI- REMARKS 
PATIENT PRE- ™™ | prove. TION 
DOSE MENT 
DAILY 
3 22 |6yr. | No | 120 | 8/18/41 |Yes Much {45 mg. prostig- 
L, K. stronger} mine 
5 30 |8mo.}| No 135 | 8/25/41 |No Much No prostigmine 
R.S. F stronger 
10. | 27 |2yr.| No | 135 | 6/18/42 |¥es, pros-|Much  |Takes 105 mg. 
H.E.M.| F tigmine | stronger] prostigmine 
stopped 
16th day 
P.O. 
11 31 | 5Syr. |Partial | 210 | 7/21/42 | Yes, 120 |Much 7 to 15 mg. pros- 
D.W.F.| F at be- mg. 18th} im- tigmine daily 
gin- day P.O.| proved 
ning 
19 38 | lyr. | No 180 | 8/ 2/43 |Yes, pros-|Much Thymoma, takes 
E.M. | M tigmine | stronger} 75 to 90 mg. 
discon- prostigmine 
tinued daily 
22nd 
day P.O. 


of prostigmine a day. She was unable'to get out of bed in the morning 
until after she had taken the drug. , 

Aug. 18, 1941, the thymus was removed. No tumors were found. 
There were numerous large lymphoid follicles with prominent germinal 
centers in the medulla. In many of these, mitotic figures were present. 
Approximately one month after operation the daily dose of prostigmine 
bromide was only 38 mg., given in four divided doses, and on this 
regimen her strength was increasing steadily. 

There have been no further admissions to the hospital. The following 
letter was received from the patient Feb. 23, 1944, which is two and 
one-half years after thymectomy: ‘‘Yes, it is necessary for me to take 
prostigmine. I take from 21% to 3 pills a day (15 mg. each), more if I 
go out visiting at night. My general strength is greatly improved since 
the operation. You would be surprised to know how much work I ean 
do in a day. I have several tasks I perform daily. Many times I have 
thought about applying for a job. Due to the circumstances at home, I 
have changed my mind. I have more control over my eyes. They do 
not droop as much as they used to. During my leisure time I read and 
write. Now I do not tire very quickly. Therefore, I don’t have to retire 
so early at night. Yet I always get my proper amount of sleep and can 
arise in the morning without taking any pills.’ The patient is not cured 
but there seems to be little doubt that she is greatly improved. 
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Case 5.—R. S. of Morgantown, W. Va., a white woman 30 years of 
age, entered the hospital Aug. 24, 1941, with complaints indicative of 
myasthenia gravis of eight months’ duration without remissions. This 
was her second admission to this hospital. The initial symptoms were 
diplopia and ptosis. Dysphagia and generalized weakness followed sub- 
sequently. She could get along moderately well with 75 mg. of prostig- 
mine a day but did better when the dose was increased to 135 mg. 

Thymectomy was performed Aug. 25, 1941. No tumors were found. 
The thymus appeared essentially normal by gross and microscopic exami- 
nation for one of her age. The postoperative course was smooth but 
there was little alteration in the degree of myasthenia gravis. She had 
shown a good deal of apprehension preoperatively and this continued 
after the thymectomy. She was taking 90 mg. of prostigmine daily on 
discharge from the hospital, Dee. 21, 1941. 

Improvement following return to her home was very slow. The fol- 
lowing letter was-received from the patient March 18, 1944, about two 
and one-half years after operation: ‘‘You will be surprised to hear I am 
not taking prostigmine. I haven’t had any since Sept. 15, 1943. My 
eyesight is a little better. I don’t have that double vision as much as I 
did before. The strength in my arms is much greater now than before 
the operation. The strength in my legs is not so great. I lose my balance 
a lot and down I go but I don’t get hurt and I ean get up all right. I do 
all of my housework.’’ 

The patient’s letter included a prescription which shows that she is 
taking 4 dr. three times a day of the following : 


Ephedrine HCl. gr. IX 
Glyeolixir XII 


The personality of this patient makes it unusually difficult to attempt 
to assess the effects of the operation. It is my impression that she is 
considerably improved, but the thymectomy may have played no part in 
her improvement. 


Case 10.—H. E. M. of Brunswick, Ga., a white woman aged 27 years, 
entered the hospital June 8, 1942, with a history of myasthenia gravis 
for slightly more than two years without remissions. General, weakness 
was the predominating complaint. Diplopia and ptosis and difficulty in 
eating had also been troublesome. She was taking approximately 135 
mg. of prostigmine daily on admission and was unable to take her first 
morning tablet unassisted. 

Thymectomy was performed June 18, 1942. No tumor was found. 
Microscopie examination of sections showed lymphoid hyperplasia with 
germinal center formation. The postoperative convalescence was 
smooth. The prostigmine requirement diminished rapidly and none 
was required for ten days after operation. She was discharged from 
the hospital sixteen days after operation in a much improved con- 
dition, no prostigmine being required. 
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The patient’s condition since discharge has shown a sustained im- 
provement, but she has found it advisable to take prostigmine at times. 
In a letter dated March 5, 1944, twenty months after operation, it is 
stated: ‘‘I am now taking 7 or 8 prostigmine tablets daily. I almost 
never have the heaviness or weakness of myasthenia as long as I con- 
sistently take this much medicine. . .. During the day I am able to live 
very normally. I have done quite a lot of traveling with my little girl, 
a shopping trip is not too much, and movies are a pleasure once more. 


T ean accurately say that 3 prostigmine tablets a day now will do more’ 


good than the maximum dosage I was given at Johns Hopkins, 20 a 
‘day, I think.’’ 


CasE 11.—D. W. F. of Greenwich, Conn., a white woman aged 31 
years, entered the hospital July 13, 1942, with a typical history and find- 
ings of myasthenia gravis of approximately five years’ duration. There 
was a partial remission following the onset, but during the three last 
years she had become steadily worse and was taking 210 mg. of pro- 
stigmine daily at the time of admission. The most beneficial quantity 
of prostigmine preoperatively was found to be 360 mg. daily. 

Thymectomy was performed July 21, 1942. No tumors were found. 
Microscopie examination of sections showed lymphoid hyperplasia of 
the thymus with germinal center formation. The postoperative con- 
valescence was smooth. She was taking approximately 120 mg. of pro- 
stigmine daily at the time of her discharge from the hospital eighteen 
days after operation. 

The patient continued to show some improvement after her return 
home. A letter from her on Feb. 16, 1944, more than one and one- 
half years after operation, was as follows: ‘‘T had hoped I could tell 
you I did not need prostigmine any longer. However, I am still taking 
a half or whole tablet (15 mg.) daily, depending on how active I am. 
Preoperatively I required approximately 14 tablets daily so you can 
see my condition is very much better than before you operated. I con- 
tinue to become noticeably weaker about ten days before my period 
and begin to gain immediately after menstruation starts.’’ 


Case 19.—E. M. of Fort Worth, Texas, a white man aged 38 years, 
entered the hospital July 24, 1943, with a history of myasthenia gravis 
of twelve months’ duration. Ptosis was noted first and this was followed 
by weakness of extremities and difficulty in chewing, swallowing, and 
talking. His condition has become progressively worse and there have 
been no remissions. A complicating factor in speech has been an incom- 
pletely repaired harelip and cleft palate. The daily requirement for 
prostigmine was 180 mg. 

Thymectomy was performed Aug. 2, 1943. In addition to the usual 
two lobes of the thymus, there was a firm hard mass measuring 3 by 
2 em. which was located on the left and which was densely adherent 
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to the pericardium and other structures. This mass appeared grossly 
to be a dermoid cyst, but further study showed it to be a thymoma 
with cystic seminecrotice areas which contained cholesterol crystals and 
foreign body giant cells. 

The patient recovered from the operative procedure satisfactorily 
and there was rapid reduction in the required quantity of prostigmine. 
For ten days postoperatively the patient go‘ along satisfactorily with 
only 45 mg. of prostigmine. He was discharged on the twenty-fifth 
postoperative day. No prostigmine had been taken during the pre- 
vious three days. He said that he felt well except for slight weakness 
in the muscles of mastication. 

The patient had a partial relapse after his return home. The fol-— 
lowing letter was received Feb. 21, 1944, approximately seven months 
after operation: ‘‘As to the prostigmine, I am now taking 5 or 6 a 
day. That amount holds me much better than the 10 or 12 before the 
operation. My strength too is better. Even in the morning before I 
have had any medicine, I am able to get out of bed. That I could not 
do for many months before the operation. My eyes are still very weak, 
especially the left eye which droops most of the time. I still have 
trouble trying to eat at times also. I am able to walk a few hours 
each morning and my nerves seem much steadier. ”’ 

Comment.—It is difficult to escape the conviction that the operation 
was related to the improvement of at least four of the five patients in 
this group. The fact that improvement occurred in the early post- 
operative period supports this opinion. One of the patients in this 
group had a thymoma. 

Group 5, Patients Who Are Essentially Well.—There are three cases 
in the group of patients essentially well. All of the patients had severe 
myasthenia gravis, none of them had had remissions, and all exhibited 
dramatic improvement beginning a few days after the operation. The 
findings are given in Table V and the following is a brief summary of 


outstanding points. 
TABLE V 


PATIENTS ESSENTIALLY WELL 


PROSTIG- 
| ne- [ATIVE 

NO., | wess,| mis- | | DATE OF | | PRESENT REMARKS 

PA- stiG- | OPERA- CONDITION 
|SEX| PRE- |SIONS| | | POST: 
OPER- DOSE OPERA- 


TIVELY 


x: 7/26/41 | 13th day | Excellent, no| Works on farm 
PEC : prostigmine 
2 28 | lyr. | No | 210 | 8/ 4/41 | 24th day | Excellent, no| Teaches school 
prostigmine 
18 48 |8mo.| No | 270 | 7/14/43 | 14th day | Excellent, no/Thymoma, partial 
E. 8. F prostigmine} relapse after 


leaving hospital 
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CasE 1.—P.C. of Showell, Md., a Negro man aged 33 years, noticed 
the sudden onset of diplopia and weakness of his legs eight months 
before admission. One month later, after an infection of the upper 
respiratory tract, the weakness became generalized and increased to 
such an extent that he was confined to bed. On his second admission 
to the hospital, July 18, 1941, he could not lift his head from the pillow 
or roll over in bed or hold even the lightest object between his fingers. 
A total daily oral dose of 240 mg. of prostigmine and 150 mg. of 
ephedrine was required, and even with this dose activity was much 
restricted. 

July 26, 1941, a transsternal thymectomy was performed. No tumor 
was found. Microscopie examination of sections was essentially nega- 
tive. In several areas there were small groups of large, pale, irregular 
cells. 

There were no postoperative complications. He was given large 
doses of prostigmine for several days after operation. The dose was 
gradually reduced, and beginning August 8, thirteen days after opera- 
tion, no préstigmine was required. He was discharged from the hos- 
pital September 20. 

At the time of this writing, it has been almost three years since the 
operation. On one occasion shortly after operation, when he had a 
cold, he took several tablets of prostigmine. With this exception no 
medication has been required. He is working as a laborer on a chicken 
farm. In a recent letter (Feb. 23, 1944) he stated: ‘‘I can do hard 
work now and it doesn’t bother me very much. My right arm is feel- 
ing normal. My left arm is just below normal but is still gaining in 
strength.’’ I have seen the patient on a number of occasions and he 
appears to be entirely well. 


Case 2.—R. L. of Springfield, Me., a white woman aged 28 years, had 
a sudden onset of diplopia and strabismus in August, 1940, approxi- 
mately one year before entering the hospital. In October her legs 
grew weak and then her arms began to tire easily. A few weeks later 
she noted difficulty in swallowing and her speech became nasal in 
quality. In January, 1941, the disease was diagnosed, and despite in- 
creasingly large doses of prostigmine, her weakness grew progressively 
more severe. On admission, July 20, 1941, she was taking, in addition 
to 1 Gm. of guanidine, six or seven 30 mg. doses of prostigmine bromide 
each day and still had ptosis, diplopia, and nasal speech, and was con- 
fined to bed because of weakness of the extremities. It was necessary 
to take prostigmine during the night. 

Thymectomy was performed Aug. 4, 1941. No tumor was found. 
Microscopic examination of sections was essentially negative. For 
several days after operation she required large doses of prostigmine. 
Two weeks after operation she required only 30 mg. of prostigmine in 
twenty-four hours. This dose was gradually reduced and the patient 
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operation. The patient accepted a position in: the hospital and re- 
mained here for several months. She tired rather easily and her gait 
was somewhat unsteady. 

At the time of this writing, it has been almost three years since 
thymectomy was performed on this patient. The following communi- 
cation was received from her Mareh 21, 1944: ‘‘I haven’t taken any 
prostigmine since Aug, 28, 1941, at 6 p.m. During the past summer I 
worked in the gardens pulling weeds and also went raspberry picking 
several times. My legs collapsed only a half dozen times during the 
summer. The strength in my arms and from my hips up is perfectly 
normal. In fact, people think my hands and arms are exceedingly 
strong. If I go slowly, I can go as far and anywhere that anyone else 
ean go—over rough or smooth ground. . . . Last summer I started 
teaching school as an assistant in high school. So far I have missed 
only one day and that was because of a touch of food poisoning. At 
present I walk a mile every day to the gymnasium for rehearsals be- 
sides being on my feet all afternoon and evening after getting there.”’ 

The early postoperative improvement in this patient was phenomenal. 
It is of interest that it required such a long time for easy fatigability 
and unsteadiness of gait to disappear. 


CasE 18.—E.S. of Fort Worth, Texas, a white woman 48 years of 
age, entered the hospital July 2, 1943, complaining of fatigue and weak- 
ness of eight months’ duration. The onset of these symptoms was 
followed subsequently by ptosis of eyelids and difficulty in chewing, 
swallowing, and talking. She had lost thirteen pounds in weight, from 
108 to 95 pounds. She had been taking 180 mg. of prostigmine daily 
before coming here and was placed on 270 mg. after entering the hos- 
pital. Roentgenography revealed what was thought to be a thymic 
tumor on the right at the level of the fourth rib anteriorly. 

Thymectomy was performed July 14, 1943, and a lobulated tumor as 
well as a small thymus gland was removed. The tumor extended from 
the fourth to the sixth costal cartilage and was attached to the peri- 
eardium. A photograph of the specimen is shown in Fig. 1. Micro- 
scopie examination of sections showed a typical thymoma and hyper- 
plasia of lymphoid type of the remaining thymus. (See Fig. 2.) 

The postoperative course was uneventful. The dose of prostigmine 
was gradually reduced and this medication was discontinued two 
weeks after operation. She was discharged from the hospital four 
weeks after operation. 

After her return to Texas she had a partial relapse for a while and 
some prostigmine was required. A letter received from the patient 
April 5, 1944, was as follows: ‘‘I am so glad to be able to say that I 
am continuing to do just fine, have had no prostigmine in the last two 
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Fig. 2.—Photomicrograph of thymoma shown in Fig. 1 (X200). 
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Fig. 1.—Photograph of the thymoma which was removed from patient, E. S., Case 18. oes 
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months, really quite proud of myself. I was at Dr. Neighbors’ yester- 
day for my six week check-up, he was delighted with the way I was 
doing and looking, said I was to be sure and tell you I was looking 
perfect.’’ 

Comment.—These patients improved dramatically following thymee- 
tomy, and it is difficult to escape the conclusion that the operation 
was instrumental in causing the improvement. One of the three pa- 
tients had a thymoma. 

DISCUSSION 


In recent years a number of reports have appeared on the effects of 
the removal of thymic tumors from patients with myasthenia gravis. 
Included among those who have made such reports are Campbell, Frad- 
kin, and Lipetz,* Clagett and Eaton,‘ Poer,> and Hardymon and Brad- 
shaw.® Although the results are not uniform, they are at least en- 
couraging. It appears that there is little doubt that thymectomy is 
indicated in patients with myasthenia gravis in whom a thymic tumor 
can be demonstrated. Of the two patients with a thymoma reported 
in this communication, one patient is essentially well and the other 
is greatly improved. Both of these patients had a severe form of the 
disease. 

The question whether a patient with myasthenia gravis but without 
a demonstrable thymic tumor should have the thymus removed is prob- 
ably more debatable. This subject has been discussed in a recent re- 
view by McKachern.’ Our observations and those of Carson and 
co-workers® lead me to believe that thymectomy is indicated if the 
person with myasthenia gravis is disabled despite the fact that pro- 
stigmine medication is being employed. Cases unreported by Viets and 
his associates, by Ralph Adams, and by others will probably shed addi- 
tional light on this subject. It is true that one cannot exclude the 
possibility of the occurrence of a spontaneous remission as being re- 
sponsible for improvement, but the dramatic early response which 
followed thymectomy in some of our patients speaks strongly for other 
factors. The frequency of remissions has been emphasized by Viets.° 
One cannot deny that the removal of the thymus from a patient with 
severe myasthenia gravis is associated with a good deal of risk. On 
the other hand, the disease in itself without operation has a high mor- 
tality rate. This is brought out clearly in the following statement by 
Viets:° ‘Since the discovery of the effect of prostigmine on my- 
asthenia gravis by Walker in 1934, the drug has been used freely at 
this hospital on’a large series of cases. Over 130 patients with this 
disease were seen between 1935 and 1943. In 100 of them data regard- 
ing their illness were complete. . . . In the 100 cases there have been 
22 deaths in the last eight years. Exact figures for comparison with 
sucha large series are unknown, but the mortality before 1935 was 
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probably between 70 and 80 per cent in any eight-year period.’’ If 
the operation is withstood, there is fortunately no deformity, disabil- 
ity, or loss of known function as a result of the procedure itself. 


SUMMARY 


Thymectomy has been performed on twenty patients with severe 
myasthenia gravis in the Johns Hopkins Hospital during the past three 
years. A benign thymic tumor was found in only two. Four of the 
patients have died since operation, three of the deaths occurring in the 
early postoperative period. Of the sixteen remaining patients, three 
are essentially well, five are considerably improved, five are moderately 
improved, and three have shown little if any improvement. All of the 
sixteen surviving patients express the opinion that the operation has 
been helpful. 

The early and sustained improvement which has been shown by 
some of the patients makes it difficult to escape the conclusion that 
thymectomy was at least partly instrumental in causing the alteration. 
The picture is complicated by the fact that some of these patients 
showed little or no improvement and by the known tendency to re- 
missions in myasthenia gravis. Unfortunately there is no known 
method by which one may predict with certainty in a given patient 
the degree of improvement which may be expected to follow the oper- 
ation. The results in this series of cases suggest that the best chances 
of recovery are to be expected in patients who have not had the dis- 
ease for an extended period. The four patients who no longer require 
prostigmine had had myasthenia gravis for a year or less. It is pos- 
sible that prolonged disease results in irreversible changes. Additional 
time and experience and investigative work will be required before 
the exact role of thymectomy in the treatment of myasthenia gravis 
ean be determined. In the meantime, it would appear that the use of 
this method should be limited to the treatment of patients with a 
severe form of the disease. 


I wish to express my thanks to Drs. Frank Ford, A. M. Harvey, J. L. Lilienthal, 
Jr., Walter Dandy, Warfield Longcope, Robert Austrian, and others. 
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DISCUSSION 


DR. JEROME R. HEAD, Chicago, Il.—I would like to ask Dr. Blalock if x-ray 
therapy has been tried on patients without a demonstrable thymus tumor. I ask that 
because of my experience with two cases of myasthenia gravis, or one certain 
case and one, only brought to my attention yesterday, which I am not certain of. 
One was a woman 72 years old, so weak that she could not get out of bed, who was 
given x-ray therapy. The tumor disappeared in ten days, and inside of two weeks 
she was out of bed. At the present time, about one year afterward, she is well. 

The patient I saw yesterday, had had to stop work in 1935 because of pro- 
gressive weakness. He had lived on his farm and let other people do the work for 
him, but had milked a cow or two. He came to me with a tumor in the location of 
the thymus. He was given x-ray therapy. Now, two weeks after treatment, the 
tumor is very much smaller, and he is much strouger than he had been. 


DR. EDGAR W. DAVIS, Washington, D. C.—I have enjoyed Dr. Blalock’s pre- 
sentation very much. I think it is quite clear that the exact physiologic relationship 
between myasthenia gravis and thymoma is not definitely known. I remember when 
Dr. Graham first reported his first successful pneumonectomy for bronchogenic car- 
cinoma in 1933, For .a number of years after that there was not one meeting of 
this Association at which numerous reports of pneumonectomies and lobectomies for 
carcinomas were not read. Those reports, including descriptions of successes and 
failures, have greatly enhanced our knowledge of carcinomas today. 

I commend Dr. Blalock for pioneering in this work in thymectomies for myasthenia 
gravis. I feel so strongly that if everyone in this Association would report in detail 
their cases of myasthenia gravis with or without thymoma, in a few years we would 
probably accumulate sufficient material to permit a more accurate evaluation of 
the relationship existing in this condition. 

It is for this reason that I am glad to start the ball rolling, so to speak, and 
report a case of thymectomy for myasthenia gravis only eleven days postoperatively. 
You will forgive me for reporting a case so soon after surgery. This was a 31- 
year-old white woman with very severe myasthenia gravis. 

(Slide 1.) The patient’s illness dates back to February 12, 1944, at which time 
her husband and friends noticed a ptosis of her left eyelid. The first x-ray picture 
was taken March 14. This slide shows an inspiratory and an expiratory view. The 
one on the right is the lateral one showing a large tumor located in the anterior 
mediastinum which was presumed to be a thymic tumor. She took from 10 to 15 mg. 
of prostigmine every two to four hours, enhanced by one injection of prostigmine 
every morning before she could get out of bed. In spite of all this prostigmine, 
she still felt rather poorly, although she was able to do a part of her housework. 

(Slide 2.) This slide shows inspiratory pictures, March 14 and April 21. The 
last one probably represents some increase in size of the tumor. Eleven days ago, a 
thymectomy was done. She had two injections of prostigmine the morning of the 
operation and two injections following the operation. From the time that she suf- 
ficiently reacted following the operation, she has volunteered the information that she 
would take prostigmine only because it was ordered, but not because of the fact that 
she felt she really needed it. Prostigmine was discontinued completely four and one- 
half days ago, which represented her seventh postoperative day. Before the opera- 
tion, she could merely close and open her hand gently, without exerting any force 
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at all, only eight times before feeling completely exhausted. She can now squeeze 
one’s two fingers innumerable times without feeling any fatigue, even though she is 
not obtaining any prostigmine.* 

Ptosis of the eyelid, generalized muscular weakness, inability to chew, inability 
to swallow, ete., have completely disappeared. I report this case without any com- 
ment pertaining to the end result, which now is too early to classify. I do feel that 
if this improvement is due to the thymectomy, rather than to the anesthetic alone, 
only a short time will be necessary to ascertain it. Inasmuch as in the literature 
approximately 80 per cent of these thymones are reported to be malignant, and in- 
asmuch as they are either lymph or lymphoid tissue, I would like to have Dr. 
Blalock advise whether or not he thinks postoperative x-ray therapy may be indicated 
to enhance the ultimate results of the surgery. 


DR. DERYL HART, Durham, N. C.—Although my experience has been limited 
I thought it might be worth while to report a recent case. The patient had been 
under observation of the medical service for a number of years. During the last 
hospital admission she was in a very serious condition and required tremendous 
quantities of prostigmine. In spite of this drug she had frequent occasions when 
her life was gravely threatened, and on at least two occasions artificial respiration 
had to be given for as long as five minutes. Following thymectomy she had a stormy 
course for a’ period of two to three days after operation and was continued on 
large amounts of prostigmine. Following that she improved rapidly and the drug 
was soon reduced to 30 mg. a day. There was one episode of gradually progressive 
respiratory distress due to accumulation of fluid within the mediastinum, but this 
was relieved by aspiration. She left the hospital greatly relieved and taking only 
30 mg. of prostigmine a day. 


DR. VICTOR STRONG RANDOLPH, Phoenix, Ariz—Not much has been said 
about thymic tumors in connection with myasthenia gravis. Several years ago I 
happened to see a young Mexican man who was extremely ill with myasthenia gravis 
and was referred to me because he had a tumor at the apex of the upper anterior 
chest. He did not survive operation for the removal of this tumor. It was about 
4 by 7 em. in size and filled with thymic tissue. No connection with the thymus 
could be demonstrated. I have always wished that the man had come to me sooner 
so that we might have known what the effect of removing the tumor might have been. 


DR. RICHARD H. SWEET, Boston, Mass.—I will take but a minute on what I 
have to say because I know so little about myasthenia gravis. In our clinie where 
Dr. Oliver Cope has been doing the operating in these cases, recently he has expressed 
the opinion that perhaps some of the poor results of surgery whieh have been ob- 
served are due to the incomplete removal-of the thymus. In two cases recently, 
tongues of thymus glands have been observed going up behind the thyroid glands 
on each side. 


DR. RALPH ADAMS, Boston, Mass.—Purely as a contribution of experience, 
I will report three cases of severe myasthenia gravis selected from a group of 
twenty-odd patients who should be offered the chance to continue their lives after 
thymectomy. They were three females, aged in order of their operation, 26, 13, and 
27 years. The first one had symptoms for three years; the second, symptoms for 
eighteen months; the third one, symptoms: for fifteen months. In the child of 13 
we were puzzled about the diagnosis because Viets and Schwab, I believe, had not 
encountered such an early case. It was decided truly to be a case of myasthenia 
*This report is corrected up to July 18, which is now almost three months since 
operation. The patient feels perfectly strong, is apparently normal in every respect. 


and is — or is physically capable of doing all of her housework without the aid 
of prostigmine or any other form of medication. 
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gravis. She responded for an interval after thymectomy, for three and one-half 
days, although she required large doses of prostigmine, beginning twenty-four hours 
postoperatively. At autopsy, following her sudden death within a period of fifteen 
minutes, we found a peculiar situation, unexplained satisfactorily unless from 
mediastinal pressure. The tissues of the chest wall, the diaphragm, the lung, and the 
mediastinum were moist and waterlogged. The tissues through the remainder of her 
body were almost dehydrated in appearance. I hope that Dr. Blalock may have 
an explanation. 

The girl of 26, our first case, was taking from 180 to 225 mg. daily. Her 
requirements within thirty-six hours postoperatively dropped to 15 mg. a day. 
The medication was stopped. She returned to her work and took no further 
prostigmine whatsoever except one dose when she had an upper respiratory infec- 
tion eight months after operation. The procedure was done in January, 1942. Her 
complete remission continued until five months ago when, following an upper 
respiratory infection, she began to require 15 to 30 mg. prostigmine a day for nine 
days. Since then she has taken one tablet of 15 mg. weekly. 

The other patient was taking from 120 to 170 mg. daily. She estimates her 
own improvement as 50 to 60 per cent. We estimate it at 20 to 30 per cent. Her 
prostigmine requirement is down to 60 to 70 mg. a day. 


DR. ALFRED BLALOCK, Baltimore, Md.—I had hoped that Dr. Sweet would 
say something about the results following thymectomy at the Massachusetts General 
Hospital where Dr. Viets heads a busy myasthenia gravis clinic. I received a letter 
from Dr, Viets today in which he states that a thymectomy has been performed in 
fourteen of these patients. The operations were performed by Dr. Churchill and 
Dr. Cope. Twelve of these patients have been under observation long enough post- 
operatively to justify at least preliminary estimation of the improvement. Using the 
classification which I have employed in this report, Dr. Viets places the fourteen 
patients in the following groups: 

“*(1) Deaths since thymectomy, 4; (2) Patients showing little if any improve- 
ment, 1; (3) Patients showing moderate improvement, 3; (4) Patients showing con- 
siderable improvement, 2; (5) Patients essentially well, 2; and (6) Patients operated 
upon within the last month, 2. 

‘‘In your series, I believe you found two patients with thymic tumor. In our 
series of fourteen, there were three.’’ 

I shall be very interested in Dr. Viets’ conclusions as to the effects of thymectomy 
because he has made such a careful study of patients with myasthenia gravis. 

In reply to Dr. Head, x-ray therapy has been used on some of our patients. In 
most instances this therapy was carried out elsewhere. Little if any improvement 
resulted in most cases. 

Dr. Davis is to be commended upon the brilliant result that he reported. In reply 
to his question I would advise against x-ray therapy at this time. One reason for 
this is that x-ray therapy it itself is associated with some danger. There have been 
several reports in the literature in which early death following x-ray therapy has 
been recorded. 

The suggestion that some of the poor results following thymectomy may 
be due to incomplete removal of the gland is an interesting one. Probably every 
surgeon’ who has performed a thymectomy will agree that it is impossible to be 
certain that all of the thymic tissue has been removed. It must be said, however, in 
practically all instances that there are two well-defined lobes that appear almost as 
distinct as do the two lobes of the thyroid. This does not mean, however, that there 
may not be aberrant thymic tissue. I am inclined to think that all of the thymic 
tissue has been removed in most of our cases. If this is so, it indicates that an 
abnormality of the thymus gland is not the sole cause for the disturbance in some 
instances of myasthenia gravis. On the other hand, and as I stated in the article, 


: 
| 
| 


BLALOCK: THYMECTOMY IN MYASTHENIA GRAVIS 339 


it is possible that irreversible changes may occur in myasthenia gravis which may 
not be correctable by removal of the thymus gland. 

I know of no way to predict preoperatively which patients will be helped by 
‘thymectomy. Our results suggest that patients with benign thymic tumors are most 
apt to be benefited. They also suggest that patients who have had the disease for 
short periods of time are more apt to show dramatic improvement than are those 
who have had the disease for an extended period. As Dr. Head has said, additional 
reports will undoubtedly aid in clarifying this situation. 

I wish to emphasize, in closing, that the results appear to us to have more than 
justified the risk which is entailed. 
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INTRAPLEURAL INFECTION WITH CLOSTRIDIUM WELCHII 


J. Karu Poprr, M.D. 
Sr. Louis, Mo. 


HE medical literature contains very few references to clostridium 
welchii infections of the pleural space, although numerous refer- 
ences are found of gas bacillus infections elsewhere in the body. The 
most numerous are the accounts of cases of typical gas gangrene in 
injured muscles, with post-partum peritonitis probably next in fre- 
queney. Cases of peritonitis in association with ruptured appendices 
are frequent and occasional reports of gall bladder infections with 
Cl. welchii are noted. The standard bacteriology textbooks rarely men- 
tion pleural infections with this organism and only four cases are 
found reported in the literature since World War I. 

The incidence of all gas bacillus infections in civil practice is also 
fairly low, being reported as .0001 per cent of all Bellevue Hospital 
admissions during a fifteen-year period between 1911 and 1928.1. The 
number of gas bacillus infections increases rapidly under wartime con- 
ditions, being estimated? in both the American and British Armies 
during World War I as slightly over 1 per cent. The average mortal- 
ity of around 50 per cent for all types of gas bacillus infection in both 
civil and military practice is the factor which establishes its real 
importance. 

Elliott and Henry* reported eighty-seven cases of Cl. welchii empyema 
in 1917 in connection with hemothoraces following war injuries. They 
found that under war conditions 28 per cent of hemothoraces became 
infected. Of this group 44 per cent showed anaerobic gas-producing 
organisms on culture, indicating that 10 per cent of all hemothoraces 
became infected with anaerobic gas-producing organisms. Thirty- 
three per cent of the group of anaerobic infections proved fatal in one 
group of cases. This mortality rate appeared abnormally high due to 
delayed and inadequate treatment in some cases. Another series men- 
tioned in this same article showed a mortality rate of 15 per cent in 
correctly treated cases in a base hospital. The general mortality rate 
for infected hemothoraces, including all types of infecting organisms 
in a base hospital, was said to have been from 10 to 15 per cent in 
World War I. The mortality rate for comparable groups of anaerobic 
gas bacillus intrapleural infections is, therefore, not appreciably higher 


than for all types of empyemas. 


m the Department of Surgery, Washington University School of Medicine and 
the Medical and Surgical Chest Service, Barnes Hospital. 
Received for publication, July 10, 1944. 
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These patients having hemothoraces infected with gas-producing 
anaerobic organisms were said to have been desperately ill during the 
developmental stages of their empyemas, with an elevation of pulse 
rate and leucocytosis out of proportion to the temperature elevation. 
Marked jaundice appeared early in the cases with severe infection but 
no nausea or vomiting was noted. A fluid level under an air pocket 
suggesting a bronchopleural fistula was a frequent finding which 
tended to obscure an early diagnosis in some eases. The acute toxic 
symptoms and signs tended to disappear rapidly in the majority of 
patients given early adequate drainage. 

The four cases previously reported since World War I, were as 
follows: Porzecanski and Franchi*-reported one case following a gun- 
shot wound from which the patient recovered satisfactorily following 
a thoracotomy drainage. Bader and Miiller® reported one case of in- 
fection resulting from a thoracentesis in which the patient recovered 
promptly following drainage. Lynch and Streider® reported two eases, 
in one of which there had been no evidence of an empyema except a 
single positive culture and in the other there had been difficulty from 
a rapidly accumulating toxie pleural effusion which required frequent 
aspirations before being drained. This patient made a satisfactory 
recovery following open drainage, sulfonamide drugs, and antitoxin. 
In none of these three cases taken from civilian practice and treated 
by open drainage was there a fatality or a picture of rapidly spreading 
infection comparable with gas gangrene. 

The three new cases reported here are all mixed, postlobectomy 
empyemas in which Cl. welchii were found in the drainage.* 


Case 1.—I.H., admitted March 23, 1944, was discharged April 27, 
1944. This 28-year-old girl was admitted to the Chest Service at 
Barnes Hospital with a history of a chronic productive cough follow- 
ing an attack of pneumonia at the age of 4. She had recurrent attacks 
of pneumonitis and complained of marked weakness during the year 
previous to admission. Bronchograms showed a considerable amount 
of bronchiectasis in the left lower lobe and lingula of the left upper 
lobe, as well as a moderate amount in the right lower lobe. <A lobee- 
tomy with remoyal of the left lower lobe and lingula of the left upper 
lobe was performed March 25, 1944, at which time two No. 30F cathe- 
ters were inserted into the pleural space to provide closed drainage. 
An empyema occurred on the third postoperative day, from which Cl. 
welchit, hemolytic Staphylococcus albus, and Streptococcus viridans or- 
ganisms were isolated. The temperature was-102° F., the pulse 120, 
and the white blood cell count 8,700 at the time when the culture was 
obtained. Penicillin was administered parenterally immediately after 
the culture was taken and continued in quantities of 160,000 units daily 
for seven days, after which it was gradually reduced until stopped on 


*Most of the bacteriologic work was performed by Dr. Philip L. Varney, Assistan: 
Professor of Bacteriology at Washington University Medical School. 
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the fifteenth postoperative day. A culture of the pleural exudate on 
the ninth postoperative day showed 50 per cent Str. viridans, 30 per 
cent hemolytic Staph. aureus, and 10 per cent Bacillus coli communis 
plus an indefinite number of Proteus ammonzae. Organisms resembling 
Cl. welchit were noted in this culture but could not be definitely iden- 
tified due to the proteus infection. The white blood count rose to 
22,000 and the temperature continued at about 102° F. until the six- 
teenth postoperative day, when a revision of the thoracotomy drainage 
was performed and open drainage instituted. The temperature dropped 
immediately to 101° F. following this revision and then gradually re- 
turned to normal. The patient was discharged about one month after 
the lobectomy in an ambulatory and afebrile state with two thorac- 
otomy tubes draining the empyema. A bronchopleural fistula, which 
opened during the second postoperative week, closed spontaneously. 


Case 2.—W. V., admitted Feb. 23, 1944, was discharged April 7, 1944. 
This 15-year-old boy was admitted to the chest servive with a history ' 
of a chronie productive cough since birth which had been much worse 
during the two years previous to admission, accompanied by frequent 
colds and oceasional hemoptyses. Bronchograms showed a moderately 
severe bronchiectasis involving the right middle and right lower lobes. 
These lobes were removed by lobectomy Feb. 28, 1944, at which time 
two No. 30F catheters were inserted in the pleural cavity to provide 
closed drainage. Open drainage was instituted on the tenth postopera- 
tive day. A putrid empyema developed postoperatively, accompanied 
by a temperature elevation to-103° F., a pulse rate of 130, and a white 
blood cell count ranging around 30,000. Penicillin was started the day of 
the operation and given over eighteen days with a total dose of 2,320,000 
units. The pleural exudate on the second postoperative day showed 
only an unidentified aerobic organism resembling the Klebsiella species. 
A culture taken on the tenth postoperative day showed the same or- 
ganisms plus hemolytic Staph. aureus and nonhemolytie streptococeus. 
Strongly hemolytic Cl. welchii organisms were also found for the first 
time in this culture and again in another culture taken on the sixteenth 
postoperative day. The temperature remained over 103° F. during 
this period, until the nineteenth postoperative day, when the penicillin 
was stopped. At this time, a bronchopleural fistula appeared and the 
temperature dropped immediately to 102° F., returning gradually to 
normal during the next two weeks. The patient was discharged in an 
afebrile and ambulatory state about five weeks postoperatively, with 
two thoracotomy tubes draining the empyema and bronchopleural fistula. 


CasE 3.—N. A., admitted Nov. 8, 1943, was discharged June 26, 1944. 
This 48-year-old woman was readmitted to the Chest Surgical Service 
of Barnes Hospital with a history of an intermittently recurring right 
empyema following a lobectomy of the right lower lobe four months 
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previously. This lobectomy was done for a chronic infection in the 
right lower lobe which later proved to be actinomycosis. <A revision 
of the thoracotomy drainage had been performed ten days prior to this 
admission ; after three days she suddenly developed a high fever, chills, 
nausea, vomiting, and diarrhea. On admission, the patient was acutely 
ill with a temperature of 105° F., a pulse rate of 150, a respiratory rate 
of 40, a white blood count of 30,000, and an icterus index of 50. Phys- 
ical and x-ray examinations showed no evidence of any pulmonary in- 
filtration other than the usual dense shadow at the site of the lobee- 
tomy. The patient was jaundiced and the liver was tender and en- 
larged three fingerbreadths below the right costal margin. Explora- 
tion of the draining thoracotomy sinus tract in the right lateral chest 
revealed an undrained empyema pocket containing about 50 c¢.c. of 
thick pus, which showed Cl. welchii on culture. Following this im- 
proved drainage, her temperature dropped to 103° F. where it remained 
for one week. Penicillin therapy was started at the end of the first 
week of hospitalization, after which the temperature dropped to 101° F. 
The nausea, vomiting, diarrhea, and jaundice disappeared following the 
drop in temperature, by which time the red blood cell count had fallen 
from 4,250,000 to 2,500,000 and the white blood cell count had dropped 
to 12,000. The Cl. welch organisms also disappeared from the cultures 
of the thoracotomy sinus drainage at the same time. The bacterial 
flora of the drainage changed from Cl. welchu, staphylococci and pneu- 
mocoeci to B. coli and pyocyaneus following the administration of 3.6 
million units of penicillin parenterally over an eighteen-day period. 
The penicillin was stopped at this point and the patient continued to 
progress satisfactorily for several weeks until other empyema pockets 
developed which did not contain Cl. welchii organisms and did not pro- 
duce the same hepatitis and gastrointestinal symptoms as previously 
noted. A Schede thoracoplasty was finally required to prevent the re- 
currence of empyema pockets. 


DISCUSSION 


All of these patients showed a febrile response which was somewhat 
higher and more prolonged than that ordinarily observed in postlobee- 
tomy patients with empyemas. The infection responded well to im- 
proved drainage and penicillin therapy, although the drainage ap- 
peared to have a more beneficial effect than the penicillin without 
adequate drainage. The toxic reaction in the third case reported was 
much more severe than the other two, perhaps due to the extension of 
the infection through a multitude of small tortuous sinus tracts caused 
by the underlying actinomycotie disease. 

McIntosh and Silbie’ have shown experimentally that penicillin 
proved effective when given locally during the early stages of a Cl. 
welchti infection. The presence of thoracotomy drainage tubes pre- 
vented any attempt at local administration of penicillin in these cases. 
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Contamination of the pleural cavity with these organisms from the 
j bronchial secretions at the time of the lobectomy, or from the bronchial 
| stump following the lobectomy, must be considered as a likely source 
of the infection. The oceasional presence of Cl. welchii in the bronchial 
secretions has been established by Fareg6* in his work with tuberculous 
patients. Cl. welchii was found in 100 per cent of a group of thirty 
pulmonary tuberculous cavities cultured a few hours after death. 
Forty-two per cent of the organisms were found to be pathogenie. 
Lung tissue from eight nontuberculous patients cultured post mortem 


H showed anaerobic organisms in only one case. Sputum cultures’? from 
t thirty-four patients with tuberculous pulmonary cavitation showed Cl. 
| welchii in 12 per cent of the examinations. Antibodies against hemo- 


toxin and toxin of Cl. welchii were found in the blood of 42 per cent 
of a group of twenty patients with tuberculous cavities, again indicat- 
ing that the organisms in the sputum were not entirely saprophytic. 


CONCLUSIONS 


i 1. Intrapleural infections with Cl. welchii are rare in civilian medical 
practice but much more frequent under conditions of war. 
2. These intrapleural infections do not have the rapidly invasive char- 
| acteristics or the high mortality commonly associated with Cl. welch 
infections in injured muscles. 

3. Adequate drainage seems the most effective method of treatment of 
intrapleural Cl. welchw infections. 

4. The mortality rate from adequately drained intrapleural infections 
with Cl. welchii is no higher than that in other types of empyema, either 
in civil or military experience. 
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AGENESIS OF THE LUNG 


ANIBAL Roperto M.D.,* Evarts A, Grauam, M.D. 
St. Louts, Mo. 


GENESIS, congenital absence of the lung, occurs but rarely, to 
date only thirty-eight proved cases having been reported in the 
literature. We present here one case proved during life by exploratory 
operation and another ease, not proved, but with an almost certain diag- 
nosis. There are, therefore, a total of thirty-nine proved cases on record. 


CASE REPORTS 


Case 1.—G. T., a 41-year-old white woman, was admitted to the Chest Service at 
Barnes Hospital complaining of cough for as long as she could remember, pain 
in the left chest, dyspnea, occasional sputum, and frequent colds. The patient 
had been in a tuberculosis sanatorium for three months prior to admission here, 
and after many negative sputum examinations was referred here for diagnosis 
and treatment. 

Physical examination revealed a not very well-nourished woman who was 
slightly dyspneic. The chest was asymmetrical, the left side being smaller than 
the right. Also there was an expansion lag on the left side. The chest was flat 
to percussion on the left and breath sounds were absent throughout. The heart 
sounds were heard best along the anterior axillary line in the fifth interspace. 
The right side of the chest was normal. 

Laboratory findings were essentially negative. Vital capacity was 1,500 e¢.c. 
The electrocardiogram showed myocardial damage, tendency to right axis devia- 
tion, and sinus tachycardia. 

X-ray examination showed a dense shadow throughout the left side of the 
chest with displacement of the mediastinum to the left, elevation of the dia- 
phragm, and narrowing of the intercostal spaces on the left side with widening 
on the right (Fig. 1). The bronchogram showed a normal right bronchial tree 
and a complete block of the left main stem bronchus about 2 em. from the carina 
(Fig. 2). 

Bronchoscopy showed a normal larynx and a trachea twisted ‘and distorted, 
shifted toward the left. The left main stem bronchus was completely obstructed 
2 em. below the carina. A blind pocket at the end of this bronchus appeared 
to be covered with epithelium and there was no definite evidence of tumor. The 
right bronchial tree was normal. : 

No definite diagnosis was made but because the most plausible one was massive 
atelectasis with complete block of ‘the left main bronchus, it was decided to per- 
form an exploratory thoracotomy. The chest was opened through the postero- 
lateral approach with removal of the fifth rib subperiosteally. The heart. and 
mediastinum were found displaced toward the left side of the chest and the heart 
was attached to the left lateral chest wall. A search was made for the left lung, 
which was found to be absent as were the corresponding blood vessels. The only 
vestige of the left lung was a short bronchial stump with no lung tissue. The 
thymus was also absent. No other abnormalities were noted and the chest was 
closed. After an uneventful recovery the patient was discharged home. 

From Washington University School of Medicine, Department of Surgery, Chest 
Service, Barnes Hospital. 


Received for publication July 1, 1944. 
*Fellow from Buenos Aires. 
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CasE 2.—K. G., a 9 months’ old boy, was seen in St. Louis Children’s Hospital 
in 1939. He was admitted to the hospital because he had been coughing, wheezing, 
vomiting intermittently, and choking en mucus in his trachea since the age of 
2 months, at which time he had contracted a cold. The child was born at full 
term after normal delivery, and breast fed for eight and one-half months. There. 
was no history of foreign body aspiration. 

On physical examination the patient was found irritable and appeared chroni- 
cally ill. His breathing was wheezy. He was small and not very well developed 
for his age. The chest was asymmetric, being smaller on the left side. There was 
an expansion lag on this side. The left side of the chest was dull to percussion 
throughout although some resonance could be elicited over the sternum. Breath 
sounds on the right side were harsh, and numerous rhonchi were heard. The 
heart sounds were normal but the heart itself was shifted to the left. 

X-ray examination showed the mediastinum to be shifted to the left, a dense 
shadow throughout the left chest and the diaphragm to be elevated on the left 
side. The intercostal spaces on the left side were’ narrower than those on the 
right, which were wider than usual. Bronchogram showed a normal right lung, 
slightly enlarged and extending across the mediastinum into the left. The left 
main stem bronchus appeared to be completely obstructed about 1 em. from the 
carina. 

The patient was discharged home but it was advised that he return for 
periodical checkups. He was seen periodically for three years in the Pediatrics 
Clinie of Washington University Medical School. 

In March, 1944, the child returned to Chest Service at Barnes Hospital for a 
checkup. He was now 5 years old, somewhat small for his age, and had a deep 
husky voice. 

On physical examination his chest was found very asymmetric, the left side being 
much smaller than the right. Also an expansion lag on the left could be observed. 
The left scapula was much smaller than the right and was displaced upward and 
outward. The left side of the chest was completely flat to percussion and both 
breath sounds and vocal fremitus were absent. The chest was normal on the right. 

X-ray examination showed a dense shadow on the left with an elevated dia- 
phragm, narrowing of the intercostal spaces, and shift of the mediastinum to the 
left (Fig. 3). The right side was normal. The bronchogram showed a normal 
right bronchial tree with some extension into the left side of the chest and a com- 
plete block of the left main bronchus about 1 em. from the earina (Fig. 4). 

The patient was bronchoscoped under local anesthesia and the larynx was 
found rotated toward the left but the vocal cords moved normally. The trachea 
was displaced to the left. The right bronchial tree was seen to be normal but 
the left main bronchus was completely obstructed about 1 em. below the carina. 

The patient was discharged home and his parents stated that he was to attend 
kindergarten. 


DISCUSSION 


From a review of the literature which is included in this communica- 
tion, it is observed that absence of a lung is not incompatible with life 
nor does it preclude a long life. This fact is not surprising in view of 
what is well known now about the postoperative course of a patient after 
pneumonectomy. In the literature twenty-five patients reported were 
children under 12 years of age. Eleven patients lived to be more than 
19 years old and three patients reported were 58, 65, and 72 years, re- 
spectively. Both patients reported in this article are living and are in 
fairly good general health at the time of this communication. 
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Agenesis of the lung affects both sexes equally but from an analysis 
of the literature it was found that it occurred twice as often on the left 
side as on the right. Both our cases were on the left side. 

Arey in his book Developmental Anatomy states that in the develop- 
mental anatomy of the bronchopulmonary system, the two bronchial 
buds arise in the embryo by evagination from the primordial trachea 
before the end of the fifth week. These primitive lung buds, by progres- 
sive branching, eventually give rise to the bronchial tree, from the 
terminal tubules of which arise small outgrowths which constitute the 
alveoli. When there is complete absence of a main stem bronchus, there- 
fore, the anomaly must have had its origin very early in embryonic life. 
In cases in which the main stem bronchus is either rudimentary or more 
or less fully formed, the failure of development presumably occurred 
in a correspondingly later period. 

Schneider described three main types of this abnormality. First, there 
is a true aplasia in which there is no trace of the lung, bronchus, or vas- 
cular supply on the affected side. Second, the bronchus is represented ° 
by a small outpocketing from the trachea which is supported by a ring 
of cartilage; no lung tissue is present. Third, there is extreme hypo- 
plasia rather than aplasia; the bronchus is fully formed but is reduced 
in size and ends in a fleshy structure without lobes, which lies within the 
mediastinum. Our two cases were of the second type. 

A positive diagnosis of congenital absence of a lung during life has 
apparently been made only in our Case 1. Although Madigan thought 
he made a diagnosis during life of agenesis of a lung, his statements that 
the bronchogram showed no abnormality and that the bronchoscopic 
examination revealed a bronchial tree, although small, on the affected 
side, indicate that at least some lung tissue was present. Presumably 
the only method of establishing a positive diagnosis of absence of a lung 
during life is by an exploratory operation, which was performed in our 
case. 

Some of the symptoms most often found are asymmetry of the chest 
which is sometimes flattened on the side of the absent lung, scoliosis in 
some cases which may be either toward or away from the affected side, 
and atrophy of the muscles on that side which sometimes hampers move- 
ments. The heart and mediastinum are always displaced toward the 
side of the absent lung. On percussion the affected side is found dull 
or flat, but occasionally there is a resonance due to hypertrophy and 
emphysema of the remaining lung which has invaded, to some extent 
the opposite side. Breath sounds, as a rule, are absent and when present 
are suppressed or bronchial. The x-ray picture in the anteroposterior 
view usually shows a dense homogeneous shadow on the affected side 
and shows the heart and mediastinum shifted to that side. The dia- 
phragm on the affected side is sometimes elevated and the intercostal 
spaces are usually narrowed. Bronchoscopic studies will reveal a block 
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TABLE I 
CASES FROM LITERATURE 
ABSENT 
AUTHOR CASE FINDINGS 

Haberlein: Akad. Soldier, 20 yr. Left P.M. No left pulmonary ves- 
zu Wien 1: 271, sels or bronchus; left tho- 
1787 (Cit. by rax filled with watery fluid ; 
Madigan) right lung normal 

Bell: Anatomy Female fetus Left P.M. Trachea divided into 
and Physiology three branches in hilum of 
of Human Body, right lung; right lung not 
ed. 5, 1827, p. lobed; pulmonary artery 
416 (Cit. by divided into a right branch 
Madigan) and ductus arteriosus; one 

vein emptied into left 
auricle 

Bell: Ibid. (Cit. Young male Left Left hydrothorax 
by Madigan) 

Hein: Wehnschr. Child, male, 6 Right Right pulmonary vessels ab- 
D.d. Ges, Heilk. weeks; cyanosis sent; rudimentary right 
536, 1827 (Cit. bronchus; defect in ven- 
by Madigan) tricular septum; patent 

: foramen ovale; pulmonary 
artery closed at base of 
heart; left lung supplied 
by ductus arteriosus 

Maschka: Allg. Child miscarried Right Heart in right side of tho- 
Wien. med. Ztg. at 7 mo., lived rax; bronchus represented 
78: 1862 (Cit. 2 hr. by pea-sized sac; right pul- 
by Madigan) monary vessels absent; left 

lung not lobed; esophagus 
ended blind at midpoint ; 
atresia ani 

Gruber, W.: Female, stillborn Right No right pulmonary vessels 
Oesterr. Ztschr. or bronchus; left lung uni- 
f. Prak. Heilk lobar with only one pul- 
16: 1870 (Cit. monary vein 
by Madigan) 

Herrero, F.: Cor- Male, 65 yr. Left Undivided trachea continuous 
resp. méd. 9: with right bronchus; right 
372, 1874 (Cit. lung enlarged 
by Madigan) 

Stein, J.: 3: |. . Infant, 6 weeks Right Pulmonary vessels completely 
553, 1878 (Cit. absent; rudimentary right 
by Madigan) bronchus 

Haberlein: Rev. Soldier, 24 yr. Right No, right bronchus; pulmo- 


mens. d. mal de 
l’enf. 2: 554, 
1884 (Cit. by 
Madigan) 


nary artery entered undi- 

vided into left lung; right 
hydrothorax; left lung en- 
larged with two bronchi en- 
tering it : 
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ABSENT 


AUTHOR CASE xia FINDINGS 
Theremin: Rev. Female, 11 days Left Trachea continuous with right 
mens. d. mal. de bronchus; small cartilagi- 
lVvenf. 2: 554, nous nodule at site of left 
1884 (Cit. by bronchus; right lung uni- 
Madigan) lobar; no pulmonary veins 
entered left auricle, united 
to form a large vessel that 
communicated with a dis- 
tended vena azygos 
Tbid. Female, 127 days Left Trachea continuous with right 
bronchus; left pulmonary 
vessels absent; right lung 
imperfectly separated into 
two lobes; vein from right 
lung emptied into vena 
azygos 
Gruber: Virchow’s Female, fetus Left Trachea divided into three 
Arch. f. path ° branches in hilum of right 
Anat. 102, lung; right lung not lobed; 
1885 (Cit. by pulmonary artery divided 
Madigan) into a right branch and 
ductus arteriosus; one vein 
emptied into left auricle 
Miller: Trudi. Male, 4 weeks Left Pea-sized left lung attached 
Obsh. Dietsk. to a narrow bronchus; 
Vrach 3: 32, pneumonia of right lung 
1894-95 (Cit. by 
Madigan) 3 
Ibid. Male, 6 weeks Left Left lung cherry-sized at- 
tached to narrow bronchus 
Ibid. Female, 2 days Left Left lung 2 em. in diameter, 
attached to narrow bron- 
chus 
Tichomiroff: In- Female, 24 yr.; Left No left bronchus; trachea 
ternat. died of pneu- divided into three bronchi 
Monatschr. f. monia before entering the right 
Anat. u. Physiol. lung 
12: 24, 1895 
(Cit. by Madi- 
gan) 
Hanson, R.: Female, full term; Left Bronchus one-twelfth inch 
J. A.M. A. 37: lived 15 min. long; heart on right side; 
701, 1901 (Cit. right lung smaller than nor- 
by Madigan) mal diaphragm lacking on 
left side with lower portion 
of small intestine and part 
of colon in pleural cavity 
Gross, W.: Zieg- Male, 5 mo. and Left Blind left bronchus; left pul- 


ler’s Beitr. z. 
path. Anat. 37: 
487, 1905 (Cit. 
by Madigan) 


23 days 


monary vessel absent; right 
lung enlarged, no lobula- 
tion; other lesions included 
left-sided hypoplasia of 
face, dermoid of left eye, 
anomalous right renal ar- 
tery and atresia ani 
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Findlayson: Proe. 


Anat. Soe. Gr. 
Britain & Ire- 
land 38: 1907 
(Cit. by Madi- 
gan) 


Ellis, A. G.: Am. 


J. M. Se, 154: 
1917 (Cit. by 
Madigan) 


Tebbutt, A. H.: 
M. J. Australia 
2: 430, 1918 
(Cit. by Madi- 
gan) 


Jarisch: Wien. 


klin. Wehnschr. 


3: 736, 1919 
(Cit. by Madi- 
gan) 


Levy, C.8.: Am. 
J. M. Sc. 159: 
237, 1920 (Cit. 
by Madigan) 


Muhamed, K. 8. 
.: Indian M. 
Gaz. 58: 262, 
1923 (Cit. by 
Madigan) 


Dannheiser, F.: 
Beitr. z. path. 
Anat. 76: 87, 
1926 (Cit. by 
Madigan) 


ABSENT 
LUNG 
Infant, lived a Right 
few hours after 
birth 
Male, 8 yr. Left 
Male, 12 yr. Left 
Soldier, 29 yr.; Left 
dyspnea and 
eyanosis; left 
side of chest 
flattened; 
needled as an 
empyea, blood 
obtained 
Male, 49 yr.; Left 
thorax asym- 
metrical 
Female, 19 yr.; Left 
death from fall 
into well 
Male, 34 yr.; died Left 


of skull frac- 
ture 


Trachea ended in left bron- 
chus; pulmonary vessels 
undeveloped; left lung hy- 
pertrophied 


Absent pulmonary vessels; 
right lung enlarged with 
five lobes; hydropericar- 
dium and vegetations on 
mitral valve 


Heart in left thorax; pul- 
monary artery divided into 
two branches before enter- 
ing right lung; pericardial 
adhesions; endoearditis of 
mitral and aortic valves 


No pleura; left bronchus 
present as a short stump; 
mediastinum displaced to 
left with heart against left 
wall of chest slight hemor- 
rhagie pericardial fluid; en- 
larged imperfectly fissured 
right lung showing bron- 
chopneumonia 


No left bronchus or pulmo- 
nary vessels; right lung en- 
larged, lobular pneumonia, 
also had syphilis 


Thickened upper left pleura; 
Trachea undivided entered 
into right lung; right lung 
enlarged; heart displaced 
to left, pericardium full of 
blood; two thymus glands, 
one in left pleural cavity; 
ruptured spleen and liver _ 
with peritoneal cavity fulle- 
of blood 


Left, above and behind arch 
of aorta, was some hemor- 
rhagie adipose tissue; en- 
larged right lung reached 
into left pleural cavity and 
was not fissured; no septum 
membranaceum along the 
whole trachea; latter had 
26 rings and divided into 
two branches, both entering 
right lung; heart displaced 
to left; ductus botalli ob- 
literated ; Meckel’s diver- 
ticulum and anomalous kid- 
ney vessels 
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AUTHOR CASE 


Heerup, L.: 
Hospital 70: 
1165, 1927 
(Cit. by Madi- 
gan) 


Gilkey, H. M.: 
J. Missouri M. 
A. 25: 296, 1928 
(Cit. by Madi- 
gan) 


Welsch, K.: 
Frankfurt 
Ztsehr. f. Path. 
36: 192, 1928 
(Cit. by Madi- 
gan) 


Finner: Clifton 
M. Bull. 18: 
35, 1932 (Cit. 
by Madigan) 


Minne & Gernez: 
Ann. d’anat. 
path. 10: 503, 
1933 (Cit. by 
Madigan) 


Hepner: Arch. f. 
Kinderh. 103: 
92, 1934 (Cit. 
by Madigan) 


Female, 72 yr.; 
died of cerebral 
hemorrhage; 
emphysematous 
chest, left side 
dull, bronchial 
breathing, occa- 
sional sonorous 
rales; accentu- 
ated heart 
sounds on this 
side; visible 
cardiac pulsa- 
tions to left of 
sternal border; 
diagnosed as 
left broncho- 
pneumonia 


Male, 6 mo.; diag- 
nosed before 
death; respira- 
tory distress 
and absent 
breath sounds on 
the right side 


Male, 58 yr.; died 
after motor ac- 
cident 


Male, 22 mo.; 
dyspneic, cya- 
notic, and 
clammy 


Female, newborn; 
born dead 


Female, 3 mo.; 
cyanosis and 
sternal retrac- 
tion, terminal 
fever; chest tap 
yielded blood; 
diagnosed as 
congenital bron- 
chiectasis 


Left half of thorax filled by 


large heart, pericardium 
great vessels and some adi- 
pose tissue; right lung hy- 
pertrophied and emphy- 
sematous and extended over 
to left midelavicular line 
covering medial portion of 
heart; latter displaced to 
left 


Congenital absence of right 


radius; mediastinum and 
trachea displaced to right 


Absent pulmonary vessels and 


vagus nerve; heart and 
mediastinum displaced to 
right; slight cardiac hyper- 
trophy; hypertrophy of left 
lung, hypostatic pneu- 
monia; inereased tracheal 
cartilage rings; at left 
hilum two branches of 
trachea were given off to 
upper lobe and one to 
lower; slight scoliosis in 
thoracic region 


Complete absence of pulmo- 
nary artery in bronchus; 
peanut in trachea; medias- 
tinum displaced to right; 
heart in right hemithorax; 
emphysematous left lung 


Heart filled left chest; slight 
pericardial fluid; right 
lung enlarged with no fis- 
sures; exencephaly; supra- 
renals atrophic 


No left pulmonary vessels; 
high left diaphragm; en- 
larged incompletely fissured 
right lung; heart filled left 
thorax; accessory spleen 


Left 
Right 
ag 
an 
ia 
Left 
met 
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Right Right bronchus absent, dex- 


Knott: Ztschr. f. | Male, 5 weeks 
trocardia and mediastinum 


Kinderh. 56: 
338, 1934 (Cit. 
by Madigan) 


Dyson, J. E.: J. 
Iowa M. Soe. 
24: 442, 1934 


Toni, C.: Clin. 
pediat. 16: 241, 
1934) (Cit. by 
Madigan) 


Mitchell, H. E.: 
Ohio State M. 
J. 32: 950, 1936 


Elward: Radiol- 
ogy 27: 1936 
(Cit. by Madi- 
gan) 


Hurwitz & 
Stephens: Am. 
J. M..Se. 143: 


81-87, 1937 (Cit. 


by Madigan) 


Female, 6 mo.; 1 


mo, premature; 
left side of chest 
flattened ; dimin- 
ished respiratory 
movement; flat- 
ness, absent 
breath sounds 


Female, 4 mo.; 


dyspnea; breath 
sounds heard on 
both sides; lipi- 
odol injection 
unsuccessful be- 
cause of cyano- 
sis; clinical 
diagnosis: dia- 
phragmatic 
hernia 


Female, 2 yr. 


Male, 43 yr.; 


dyspneic parox- 
ysma;_ bronchos- 
coped mouth of 
left main bron- 
chus appeared 
closed as though 
collapsed; medi- 
astinal tumor 
suspected 


Female, 7 weeks; 


x-ray suggested 
massive col- 

lapse; bronchos- 
copy attempted 


displaced to right; hyper- 
trophied left lung; bron- 
chopneumonia 


No left pulmonary vessels or 


bronchus; right lung 
showed edema, emphysema, 
and interstitial pneumonia 


Heart and mediastinum dis- 


placed to right side; hyper- 
trophied left lung; bron- 
chopneumonia 


Patient aspirated peanuts and 


gum into tracheobronchial 
tree and died suddenly ; 
autopsy showed the right 
lung absent; left lung con- 
siderably larger than nor- 
mal, occupying part of 
chest on right side beyond 
midline; right main bron- 
chus ended in a blind 
pouch; large thymus gland 
occupied upper third of 
right thorax; heart occu- 
pied lower two-thirds; no 
pulmonary vessels found 


Marked hypertrophy of right 


lung; a rudimentary left 
lung 3 by 1% inches, 
fibrotic and adherent to the 
posterior chest wall; bron- 
chi inearcerated in mass of 
adhesions; marked diminu- 
tion of left pulmonary 
artery 


Absent left lung; rudiment 


of tissue that represented 
left lung was attached to 
the end of a short narrow 
bronchus and weighed 2% 
Gm.; vein from it entered 
right vena azygos; micro- 
scopic section; fetal lung 
tissue, hypertrophied one- 


~ lobed right lung 
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Yampolsky, J., 
and Fowler, CO. 
D.: Arch. 


Pediat. 55: 293- 


296, 1938 (Cit. 
by Madigan) 


ABSENT 
CASE 
Male, colored, 2 Right 


yr.; slight 
cough, dyspnea, 
dullness to flat- 
ness over right 
side of chest; 
heart displaced 
to the right; no 
x-ray taken or 
bronchoscopy 
done 


Post-mortem examination re- 


vealed right diaphragm at 
level of third rib; heart 
displaced to right; left 
lung weighed 160 Gm., and 
right lung weighed 12 Gm.; 
congenital abnormality of 
left lung in that only one 
lobe was present; right 
lung completely atelectatic ; 
congenital stricture found 


in right main stem bron- 

chus 1 em. below carina, at 
e which point lumen was only 

1 mm. in diameter; heart 

very much enlarged; 

left lung showed broncho- 

pneumonia 


Madigan, D. G.: Patient still alive 
Tubercle 22: 


144-153, 1941 


Female, 23 yr.; Left 
pain in angle of : 
left scapula, un- 
productive 
cough, slight 
dyspnea on exer- 
tion; absence of 
breath sounds in 
left side of 
chest ;_ bronchos- 
copy revealed 
abnormally 
small left bron- 
chial tree; bron- 
chogram showed 
no abnormali- 
ties; chest asym- 
metrical and 
left side reduced 
in size and 
opaque to the 
x-ray 


of the main stem bronchus a short distance from the carina, provided 
there is a rudimentary main stem bronchus present on the affected side. 

It is worthy of note that our patients are alive. One case has been 
proved certainly and the other is presumably that of agenesis of the 
lung. In the literature, most of the cases were diagnosed after death, 
but this is probably due to the fact that most of them were reported 
before the bronchoscope and bronchograms were so widely used, or 
used at all, in the diagnosis of chest lesions. At present, exploratory 
thoracotomy, which can be performed quite easily and without too 
much risk for the patient, is a possible means of positively diagnosing 
this condition. 

Usually the patient with agenesis of the lung has no acutely distress- 
ing symptoms; however, dyspnea, cyanosis, and harsh breathing are 
common and young patients usually do not develop so well or so 
rapidly as normal children do. 
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SUMMARY 


In this communication we have presented a review of two living pa- 
tients with agenesis of the lung. One case, that of a 41-year-old white 
woman, was proved by an exploratory thoracotomy after a clinical 
diagnosis was made of massive atelectasis of the left lung due to com- 
plete block of the left main bronchus. The other case, that of a 5-year- 
old white boy, is presumed to be agenesis of the lung since the physical 
examination showed asymmetry of the chest, absence of breath sounds, 
and flatness to percussion on the left side. Also, the x-ray picture 
showed complete opacity on the left with displacement of the trachea 
toward that side, and the bronchogram showed a complete block of 
the left main bronchus. A bronchoscopy was performed which con- 
firmed these findings. 

A review of the literature is given in Table I. 
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